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For readers who wish to ronvert measurements from the inch-pound

system of units to the

metric system of units, the conversion facters are listed below:

ultiply inch-pound unit By

et

To obtain metrie unit

T My mehpend ot W

atre 4,047
acre-foot (aere-fi) 1,233
cubie oot per second (ft¥/8) D.02832
foot, (ft) 0.3048
gallon per minute (galimin) 0.06309
inch (in.) 25.4
mile (mi) 1,608
millien gallons per day (Mgal/d) 004381
geguare foot (f87) 0.0929
quare mile {mi* 2,690

Cswwenied BF

SEA LEVEL

In this report,

square meter (m*

cubic meter (m

cubic meter per second (m?/s}
meter {m)

liter per second (L/s)
millimeter (mm}

kilometer (km}

cubic meter per second (m?s)
square meter (m”

square kilometer (lm®)

“gan tevel” refers to the National Geedetic Vertical Datum of 1928 (NGVD of

1020)—a geodetic datum derived from a general adjustment of the firet-order level net of

hoth the United States and

Canada, formerly catled “Sea Level Datum of 1928."
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HYDROLOGY AND DIGITAL SIMULATION OF THE REGIONAL AQUIFER
SYSTEM, EASTERN SNAKE RIVER PLAIN, IDAHO

By S.P. GARABEDIAN

ABSTRACT

The occurrence and movement of water in the regional agutfer
gystem that underlies the eastern Snake River Plain, Idaho, de-
pend on the transmissivity and storage capacity of rocks that
compase the geologic framework gnd on the distribution and
emount of recharge and discharge of water within that frame-
work. On a regional scale, mast waler moves horizontally through
interflow zones in Quaternary basalt of the Snake River Group.
In recharge end digcharge areas, water alse moves vertically
along joinis and interfingering edges of basalt flows, Aquifer
thickness is largely unknown, bui geophysical studies suggest
that locally the Quaternary basalt may exceed several thousand
fect. Along the margins of the plain, sand and gravel several
hundred feet thick transmit large volumes of waier.

Regional ground-water movernent is generally from northeast
to southwest, from areas of recharge to areas of discharge. Re-
charge is from seepage of surface water used for irrigation,
streatn and canal losses, underflow from tribufary drainage ba-
sins, and infiltration of precipitation. Aguifer discharge is largaly
gpring flow to the Snake River and water pumped for jrrigation.
Major springs are near American Falls Reservoir gnd alang the
Spake River from Milner Dam to King Hill.

Repgional ground-water fiow was simulated with numerical
models. Initially, a two-dimensional sterdy-siate model that in-
chided a nonlinear, least-squares regresgion techrique was used
to estimate aguifer properties. Later, a three-dimensional steady-
gtate and transient model was used to replace the two-dimen-
giong} model. Three-dimensional model results indicated that
average total transmissivity ranged from ahout 0.05 to 120 feet
sguared per second and verticsl leskance ranged from about
310 to $x10°° feet per second per foot of aguifer thickness.

The three-dimensional tramsient model was used to compare
measured and estimated long-term chenges in ground-water dis-
charge and water levelz with simulated values. Initial head con-
ditions used in transient simulations were derived from a
steady-state golution of estimated preirrigation hydrologie condi-
Hong, Transient simulations were B-year stress periods beginning
in 1BY1 and ending in 1880 Recharge for each stress periad from
1826 to 1880 was estimnated from surface-water irrigation, pre-
cipitation, and streamflow records. Recharge for stress periods
from 1891 to 1925 was based on the average value for stress peri-
ode from 19826 to 1980 and wuas indexed to estimated irrigated
acreages, Average anmual tributery drainage-basin underflow for
stross pericds frem 1891 to 1610 was caleulated by using basin-
yield squations. Underflow for stress periods from 1811 to 1980
was varied by use of streamflow records.

Transient simulations reasonably approximated measured
changes in aquifer head and ground-water discharge that re-
sulted from use of surface water for irrigation. Trrigation with
qurface water peaked in about 1950; subsequent increases in frri-
gation have been supplied largely by ground water. The three-

dimensional model simulated water-level declings and reduced
ground-water discharge caused in part hy incresses in ground
water pumping.

The transient model was used to gimulate aguifer changes
from 1981 to 2010 in response o thres hypothstieal development
alternatives: (1) Continuation of 1880 hydrologic conditiens, (2
inereased pumpege, and (3) jncreased recharge. Bimulation o
contirued 1980 hydrelogic conditiens for 30 years indicated tha
head declines of 2 to B feet might be expected in the central par
of the plain, The magnitude of simulated head declines was con
sistent with head declines measured during the 1980 water year
Larger declines were caleulated along medel boundaries, bu
these changes may have resulted from underestimation of tribu
tary drainage-hasin underflow and inadequate geuifer definitior
Stmulation of increased ground-water pumpage {an addition
2,400 cubie (eet per second) for 30 years indicated head decline
of 10 to 50 feet in the central part of the plain. These relative]
large head declines were accompanied by increased simulate
river leakage of 50 percent and decreased spring discharge of 2
percent. The effect of increased recharge (800 cubic feet per se
ond) for 30 years was B rise sn simulated heads of O to 5 feet :‘

the central part of the plain.

INTRODUCTION

The Snake River Plain regional aquifer study
one of the studies undertaken in-the U.B. Geologic
Survey’s Regional Aquifer-System Analysis (RAS.
program. As stated by Lindholm (1981), the purpos
of the study were ta (1) refine knowledge of the 1
gional ground—water-ﬂow gystem, (2) determineg
fects of conjunctive use of ground and gurface wati
and (3) describe the chemistry of ground water. P1
liminary interpretive reports generated by the Sna
River Plain RASA study as of 1088 include (1) &
gional water-table map and description of ¢
ground-water-flow system {(Lindholm and othe
1983, 1088); (2) results of geohydrologic test drilli
in the eastern Snake River Plain (Whitehead 2
Lincholm, 1985); (3) water withdrawals for irrigat:
(Bigelow and others, 1986); (4) a ground-water—ﬂ
model of the eastern Snake River Plain (Garabedi:
1986); (5) water budgets and flow in the Snake Ri
(Kjelstrom, 1986} 6) a map of land uge- show
irrigated acreage (Lindholm and Goodell, 1986);
a description of the geohydrologie framew
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(Whitehead, 1988); and (8) a description of gurface-
and ground-water quality (Low, 1987).

Final interpretive results of the Snake River Plain
RASA study are presented in Professional Paper
1408, which consists of seven chapters as follows:

Chapter A is a summary of the aquifer system.

Chapter B describes the geohydrologic frame-
work, hydraulic properties of rocks composing the
framework, and geologic controls on ground-water
movement.

Chapter © describes ground-water/surface—water
retations and ground-water budgets.

Chapter D describes solute geochemistry of the
cold-water and geothermal systems.

Chapter E describes water use.

Chapter F (this report) describes resulis of ground-
water-flow modeling of the eastern Snake River
Plain,

Chapter G describes results of ground~water~ﬂow
modeling of the western Spake River Plain.

PURPOSE AND SCOPE

This report describes the use of a ground-water-flow
model to refine and extend knowledge of the regional
ground-waternﬂow system in the eastern Snake River
Plain (fig. 1). Tywo-dimensional ground_—water-ﬂow mod-
els were used in previous studies to simulate a hydro-
logic system that is largely three dimensional.
Therefore, in this study, a three-dimensional model
was used to (1) evaluate the significance of vertical
variations in hydraulic conductivity and changes in
head with depth, (2) evaluate the effect of gediment
interbeds on regional ground-water flow, (3) simulate
historical changes in the hydrologic system &s 2 result
of irrigation, and (4) estimate Future hydrologic changes
that might result from implementing various manage-
ment alternatives.

LOCATION AND DESCRIPTION OF STUDY AREA

The eastern Snake River Plain extends across
couthern Ideho (fig. 1) and is about 170 mi long, 80
mi wide, and 10,800 mi? in area. Altitudes range
from about 2,500 ft above sea jevel near King Hill (pL.
1) on the west to more than 6,000 ft in the northeast-
ern part of the plairt. Mountains bordering the plain
are 7,000 to 12,000 ft in altitude.

The eastern plain is entirely within the Snake
River drainage basin. Major tributaries that con-
tribute flow directly to the Snake River upstream
from King Hill are the Henrys Fork of the Snake

River {hereafter referred to as Henrys Fork); the
A e ot % nnd Pivers: and the

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

Salmon Falls Creek (pl. 1) Tributary streams alon;
the northwestern edge of the plain, with the excep
tion of the Big Wood River, lose all their flow ¢
infiltration and evapotranspiration after reachin
the plain; these sireams include the Big Lost River
Little Lost River, Birch Creek, Medicine Lodg
Creek, Beaver Creek, and Camas Creek. Mos
tributary streams originate in intermontane vailey
that are generally perpendicular Lo the longitudin:
axis of the eastern plain. Peak flows in unregulate
streams are primarily grom gnowmelt during sprin
and early summer, Most regulated streams have
duced peak flows and higher average summer flov
when stored surface water ig released and diverte
for irrigated agriculture.

Annual precipitation on much of the plain rang
from 8 to 10 in. (g 2) whereas precipitation
higher mountains within the Snake River hasin ¢
ceeds 60 in. Most precipitation on the mountains
winter snowfall; precipitation on the plain is mc
uniformly distributed throughout the year (fig.
Cumulative departures from mean monthly precipi
tion af four stations on the eastern plain are sho
in figure 4. General trends in precipitation for 1
eagtern plain during the past 50 years include wi
spread drought from 1930 to 1935, 1952 to 1962, a
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F4 REGIONAL AQUIFER-SYSTEM ANALYST

1977 to 1978, and wet periods from 1936 fo 1942 and
1963 to 1976.

Natural vegetation on the plain is sparse because
of the semiarid climate; sagebrush and hunchgrasses
predominate. Most agricultural crops are irrigated,
alihough dryland farming is moderstely successful
during wel years. Major crops are potatoes, small
grains, SUBET beets, beans, alfalia seed, and hay.
Ahout 25 percent of the Nation’s potatoes are pro-
duced on the eastern plain (Idaho Department of Ag-
riculture, 1980, p. 5)- Irrigated crop production on the
sastern plain introduces about $600 millien annually
into daho’s economy (Idaho Department of Agrical-
ture, 1980, p. 24).

PREVIOUS INVESTIGATIONS

Numerous investigators have studied and reported

on the geology and ground-water resources of the !

eastern Snake River Plain. Notable early studies
were by Russell (1902) and Stearns and others
(1938), In a quantitative hydrologic study, Mundorff
and others (1964} used a flow-net analysis to esti-
mate transmissivity. Slkibitzke and da Costa (1962),
Norvitch and others (1969), and Mantei (1974) used
electric analog models to study the regional aquifer
gystem in the sastern plain, whereas deSonneville
(1974) and Newton {1978) used pnumerical models to

Aghion, mean annual 116

MEAN MONTHLY PRECIRITATION, IN INCHES

0 P 1
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GEOLOGY

study the regional system. Wytzes (1980) modeled the
alluvial aquifer in the Henrys Fork and Righy Fan
area, and Johnson and others (1984) modeled the al-
luvial and basalt aquifers in the Mud Lake area. Sol-
ute transport of radioactive wastes at the Idaho
National Engineering Laboratory was gimulated by
Robertson (1974, 1877); this simulation was updated
by Lewis and Coldstein (1982).

WELLNUMBERING SYSTEM

The well-numbering system {fig. 5) used by the
1.8, Geological Survey in Tdaho indicates the location
of wells within the official rectangular subdivision af
public lands. The first two numbers designate the
township (north or gouth) and range (east or west)
with reference to the Boise base line and Meridian.
The third number designates the section and is fol-
lowed by up to three letters, which indicate the %
section {160-acre tract), 1,.Y4 section (40-acre tract),
and Va-Ya-Ya section (10-acre tract). The last number

5

is the order in which the well within the tract Wwas
inventoried.

Quearter sections are leftered A, B, C, and D in
counterclockwise order from the northeast quarter of
each section, Within the guarter sections, 40-acre and
10-acre tracts are lettered in the same manner. For
example, well 78.15E-12CBAL is in the
NEVNWYSWY% sec. 12, T. 7 8, R. 15 E, and was
the first well inventoried in that tract.

GEOLOGY

The predominant rock type in the eastern Snake
River Plain is Quaternary basalt of the Snake River
Group (included in QTb on pl. 2). Basalt, interbedded
with terrestrial and lacustrine sediments, along the
marging of the plain fills a structural basin defined
by faulting on the northwest and downwarping and
faulting on the southeast (Whitehead, 1986). Electri-
cal-registivity soundings and other geophysical evi-
denee indicate that aggregate basalt thickness may,
in places, exceed several thousand feet (Whitehead,
1986). The structural basin was formed as the result
of Cenozoic tectonie stresses and is a transition zone
between the Basin and Range province to the south-
east and the Northern Rocky Mountain province to
the north and east.

Sjlicie voleanie rocks, including rhyolite, latite, and
andesite, are present near the margins of the plain as
thick flows of welded tuff, ash, and pumice. The
northeastern end of the plain is delimited by rocks of
the Yellowstone Group (mainly thyolite). Idavada
Voleanjcs are present southwest of the plain and may
underlie the entire eastern plain, Underlying the
Quaternary basalt in the southwestern part of the
eastern plain are Tertiary sedimentary rocks of the
Glenns Ferry Formation and Terfiary Banbury Ba-
salt, hoth of which are part of the Idaha Group (ph 2).
Granitic rocks of the Idzho batholith, along with pre-
Cretaceous sedimentary and metamorphic rocks, bor-
der the plain te the northwest. Adjacent to the plain
on the southeast and perpendicular to itz axis are
several intermontane valleys and block-faulted moun-
tain ranges.

Kuntz (1978, p. 9) noted that volcanism on the
eastern plain was localized along rift zones (pl. 2).
Rifts appear to be extensions of basin-and-range
structures (faults) that are present northwest and
southeast of the plain. KufiRBP B3 POL3) indicated
that faults are abundant owing to northeast-south-
west extension along the axis of the eastern plain.
In some places, this extension hag caused oren fis-
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Quaternary basalt of the Bnake River (Group was
extruded from individual vents and from series of
vents. A typical flow is 20 to 25 ft thick and 50 to
180 mi? in areal extent. Consequently, individual
basalt flows cannot be correlated over great dis-
tances. Rubble and clinker zomes usually form at
the top of a basalt flow as cooling lava solidifies and
then is broken by continued movement of underly-
ing lava. Basalt vesicles are formed by the escape of
entrapped gases. The centers of individual flows are
typically less vesicular and more massive than flow
tops. They are characterized by vertical fractures
that, in places, form columnar basalt. Subsequent
flows or fine-grained sedimentary deposits may par-
tially fill fractures and vesicles.

Lava tubes are unique cooling features that form
when a lava conduit drains, leaving a solid roof in-
tact, Tubes may be continuous for a few feet to thou-
gands of feet in length. Lava tubes have been
penetrated in the subsurface, as evidenced by drill
stems suddenly dropping as much as several tens of
feet,

Sediments interbedded with basalt along the mar-
gins of the plain were deposited by the Snake River
and tributary streams. In some areas, particularly in
alluvial fans, sand and gravel predominate. In other
areas, pariicularly where streams were dammed by
basalt flows, fine-grained lacustrine sediments pre-
dominate. Soil cover on the plain is minimal over
younger basalt and consists primarily of windhblown
material. Most agricultural soils are in areas of flu-
vial and lacustrine sediments near the margins of the
eastern plain,

HYDROLOGY
SURFACE WATER

The eastern Snake River Plain is drained by the
Snake River and its tributaries, which receive most
ground-water discharge. The Snake River, which
flows onto the plain near Heise, contributes about 49
percent of total tributary drainage-basin yield to the
eagtern plain. Another 23 percent of tributary drain-
age-hasin yield is from Henrys Fork, and 10 percent
is from northern tributaries. Most -of the remaining
yield from tributary drainage basing is from the
Blackfoot, Portneuf, and Raft Rivers and Salmon
Falls Creek (pl. 1).

The Snake River descends 2,624 ft from Heise (al-
titude 5,019 f) to King Hill (altitude 2,485 ft), 307
Fiver miles downstream, and is entrenched as much
as 700 ft in the reach from Milner to King Hill.

Surface water is used extensively for irrigation on
the eastern plain; more than 9 million acre-ft are di-
verted anmually. Reservoir storage capacity in the
Snake River basin above King Hill increased from
ahout 1 million acre-ft in 1910 to about 5 million
gcre-ft in 1980 (Kjelstrom, 1986). Because of up-
stream storage, Snake River peak flows have been re-
duced, and more water is available during the
irrigation season (May to October). Although flow in
the Snake River is low during winter months, it is
lowest in the summer owing to diversions for irriga-
tion.

IRRIGATION

Surface water diverted for irrigation is presently
the largest source of ground-water recharge in the
eastern Snake River Plain. Consequently, changes in
the amount of water used for irrigation must be
known to model the ground-water-flow system. Use of
surface water for irrigation increased rapidly after
1880. Decreed surface-water rights on the eastern
plain increased from 204 ft%/s in 1880 to 25,527 ftYs
in 1905 (Idaho Department of Reclamation, 1921,
pl. XXV). Earliest irrigation was concentrated along
Henrys Fork, the upper Snake River, and the Big
Wood and Little Wood Rivers (pl. 8); about 330,000
acres were irrigated in 1899. Irrigated lands ex-
panded rapidly along the Snake River following con-
struction of storage reservoirs and canals (table 1).

By 1928 about 1,540,000 acres were irrigated on
the eastern plain, and by 1945 acreage had increased
to ahout 1,770,000, Use of ground water for irrigation
increased rapidly after 1845, and in some a&reas
ground water replaced or supplemented surface wa-
ter as a source. About 1,830,000 acres were irrigated
in 1959—1,430,000 acres with surface water and
400,000 acres with ground water, Most of the land
irrigated with ground water in 1959 was near land
irrigated with surface water. However, some Jand
shown as irrigated with surface water in 1945 is
shown as irrigated with ground water in 1959, par-
ticularly near Mud Lake (pl. 3). In the Mud Lake
area, both ground and surface water are used for irri-
gation. Some areas reported as irrigated with surface
water in 1945 are actually irrigated with ground wa-
tor that is transported to place of application via ca-
nala. Ground-water-irrigated acreage continued to
increase and by 1966 totaled 640,000 acres; at this
same time, surface-water-irrigated acreage totaled
1,560,000 acres. In 1979, a total of about 2,270,000
acres were irrigated: 1,230,000 with surface water,
930,000 with ground AeddB, 388010,000 with com-
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TasLe 1.—Irrigated acreage, 1890-1945, and dales surface reservoir storage was added,
Sncke River draincge basin upstream from King Hill

Irrigated

acree along

Snake River Irrigated Reservoir

from Heise acres afong name Storage
Year to Neeley Heniys Fork (pl. 1} (acre-feet)
1890 47,000 2,000
1900 221,000 30,000
1805 289,000 49,000 Milner Lake 14,200
1906 Lake Walcott 107,240
1906 Jackson Lake 300,000
1908 Magic Reservoir 191,500
1910 372,000 58,000 Salmon River Canal Co. Reservoir 182,650
1910 Blackfoot Reservoir 418,000
1910 Jackson Lake (expanded} 380,000
1911 Oakley Reservoir 74,350
1915 423,000 62,000
1916 Jackson Lake (expanded) 847,000
1919 Mackay Reservoir 44 370
1920 451,600 65,000
1921 Mud Lake 61,660
1922 Henrys Lake 50,420
1923 Fish Creek Reservoir 13,500
1924 Grays Lake 40,000
1926 Ameriecan Falls Reservoir 1,700,000
1930 471,000 68,000
1885 462,000 56,000
1938 Island Park Reservoir 127,300
1539 Grassy Lake 15,200
1939 Little Wood River Reservoir 29,960
1840 483,000 70,000
1945 497,000 71,000
1949 Lower Salmon Falls Reservoir 18,500
1951 Portneuf Reservoir 23,700
1956 Palisades Reservoair 1,400,000
1978 Ririe Lake 100,000

Total storage 5,494,550

bined surface and ground water. Lindholm and
Goodell (1086), as part of the RASA study, used
Landsat data to determine irrigated acreage on the
Snake River Plain in 1880,

Canals shown in figure 6 supply the irrigated ar-
eas shown on plate 3. The Aberdeen—Springfield
Canal was completed in 1900, the Twin Falls South
Side Canal in 1907, the Twin Falls North Side Canal
in 1911, and the Milner-Gooding Canal in 1930.

Most diversions are by gravity feed and most canals
are unlined; canal seepage losses range from 3 to 40
percent of diverted flow (Kjelstrom, 1986).

As surface-reservoir storage increased and water
supply became more reliable, irrigation practices
changed; in particular, winter diversions to maintain
soil moisture were disconth8d8. BB sprinklers to
distribute water increased irrigation efficlency. About
20 percent of surface-water-supplied lands and 90
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TapLe 2.—Comparison of average

9

annual crop consumptive irrigation

requUIrements

[Values in feet per year)

Reporting source and method

e

Sutter
Bimons Norvitch and Corey Woffatt
(195%) (1966} {1970} (1980)"

Modified Value

Lowry- Jensen— Blaney— Jensen— used in

Lacation johnson Criddle Criddle Criddle present

(pk- 1} {1942) (1952) {1950} (1952} study
Aherdeen .....ciesersesrs 1.8 1.23 1.48 1.3 1.5
American Falls oo 1.8 1.18 1.5
ATED 1 eemcrrevrmsesarisssmnsssasy 1.3 1.15 1.5
Blackfoob ..o 1.8 181 1.44 1.3
CIBTEY coerenrsnaerersmsessmsrares 1.27 1.6
THUDOLS coeerreersraemsresnnmeaness 1.2b 1.54 1.3
Idaho Falls i 1.18 1.3 1.3
JOTOINE .ccarrremnrranarmranrencas 1.7 1.64 1.78 1.6 1.6
Mud Lake L6 1.16 1.3
Pocatello ... 1.8 1.31 1.68 1.6
1012 S SROPRORERTEIELL 1.8 148 1.83 1.6 1.8
St. Anthony ..ocveaenenin 1.2 89 1.03 1.0
SHoSHONE woerrerrssirmsnrenss 1.1 1.39 1.B0 1.6

1.5, Geotogleal Survey,
(1.8, Genlogical Burvey, Written gommui.

; percent of ground-water—supplied lands are now irri-
| pated with sprinkler systems (Kjelstrom, 1986). A
. ditch-and-furrow gystem is used to distribute irriga-
© tion water jn most other areas.

EVAPOTRANSPIRATION

Evapotranspiration (ET) rates used in this study
are based on crop consumptive jrrigation require-
ments determined by Sutter and Corey (1870). These
rates represent plant—g"rowth requirements minus
growing-season precipitation.

A comparison of Tesults using different methods to
calculate ET rates at different locations in the Snake
River drainage basin is shown in table 2. Simons
(1958) used the Lowry-Jobnson (1942) method, which
is based on daily maxipoum air temperatures above
the freezing point during the growing season. RY.
Norvitch (U.8. Geological Survey, unpubl. data on file
in Boise, Idaho, office, 1966) and R.L. Moffatt (U.8.
Geological Survey, written sommun., 1980) used the

T 1 Cwiddle (1952) method, which is based on

B

uapublished data an file in Boise, ldebo, nffice.

son, monthly percent of annual daytime. hours,
amount of precipitation, and erop type.

Sutter and Corey (1970) calculated ET rates using
a modified Blaney and Criddle method, Input was
similar to that used in ihe Jensen and Criddle (1952)
method with the addition of & crop-growth stage coef-
ficient. Concurrent with the RASA study, Allen and
Brockway (1983 adapted the FAD«Blaney—Criddle
method to Idaho. The primary data requirement is
mean air temperature. Although results obtained
from the different methods are similar, rates calca-
lated by the Lowry—Johnson method &re congistently
higher than those calculated by other methods, Dif-
ferences betweell results range from about 20 to 40
perceat, & reagonable range of error in ET estimates.

GROUND WATER

The occurrence and movement of ground water in
the eastern Snake River PlaiA&BBB@3he hydrau-
lic characteristics of rocks that compose the geohy-
drologic framework and on the distribution and
o of aguifer recharge and discharge. A g_ar;irﬂl
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description of hydrologie characteristics of major rock
anits in the eastern plain is presented in the expla-
nation for plate 2.

Sand and gravel aquifers are located chiefly along
the margins of the plain, in ailuvial fans, and near
present streams. Hydraulic conductivity of sand and
gravel generally ranges from 3x10°% to 3 ft/s (Freeze
and Cherry, 1979, p. 29). 1,zcustrine silt and clay
were deposited in lava-dammed streams, in local sur-
face depressions, and by eolian processes. Because
hydraulic conductivity of silt and clay is low {from
%107 to 3x10-* fi/s), vertical and horizontal flow is
impeded. In some areas, such as Mud Lake and the
Big Lost River valley, fine-grained sediments cause
perched water zones and significant head changes
with depth.

Largest well yields in the eastern plain are from
basalt of Quaternary and late Tertiary age. Freeze
and Cherry (1879, p. 29) indicated that the hydraulic
conductivity of permeable basalt ranges from 3x10°®
45 9x107 ft/s. On the basis of transmissivity estimates
from agquifer tests (Mundorff and others, 1964, p. 146,
147, 153-155), hydraulie conduetivity of basalt in the
eastern plain was estimated to range from 4x10°* to
4x10 ft/s (G.F. Lindholm, {J.8. Geological Survey,
written commun., 1987). Horizontal water movement
in basalt is primarily through rubble and clinker
zones 8t the tops of flows and between successive
flows. Water moves between flow tops along joints
and at interfingering edges of rubble zones.

Davis (1969) indicated that hydraulic conductivity
of an individual basalt flow is anisotropic; highest
values are along the direction of original lava flow,
paralle! fo rubble zones, lava tubes, and other cooling
foatures. Individual flows in the central part of the
eastern plain appear to have random directions, and
anisotropy from the alignment of many basalt {lows
is unlikely. However, large-scale fractures in rift
zones perpendicular to the axis of the plain (pl. 2)
nay catse anisotropy over broad areas.

Tertiary basalt generally yields less water to wells
than younger basalt because individual flows are
thicker and secondary minerals (calcite, clays, zeo-
lites) fill many voids, reducing hydraulic conductivity.
TPertiary basalt in a test hole drilled during this study
{5 more massive and contains more secondary miner-
als than Quaternary and late Tertiary basalts
(Whitehead and Lindholm, 1985).

The upper 2,445 ft in a 10,365-t deep test hole at
the INEL (Idaho National Engineering Laboratory,
pl. 1) consists of hasaltic lava flows and interbedded
sediments of alluvial, lacustrine, and voleanic origin
(Doherty and others, 1979). Basalt above a depth of
1 ena f is tvpically tholeiitic olivine basalt of the

e oy Y
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prevented return of drill cuttings and supported the
hypothesis that the highly porous basalts are of the
Snake River Group. Doherty and cthers (1979) noted
that secondary mineralization is common in the
basalt from 1,600 to 2,445 ft, and that porosity and
hydraulic conductivity are reduced accordingly.

Fractured silicie voleanic rocks yield moderate
amounts of water; if the rocks are tightly welded, -
well yields are low. In many locations, particularly in
fault zones alopg the margins of the plain, volcanic
rocks contain thermal water under confined condi-
tions. In the INEL test hole, several thousand feet of
silicic volcanic rocks below the basalt are hydrother-
mally altered, and nearly all fractures are gealed by
secondsry mineralization.

Consolidated sedimentary, metamorphie, and igne-
ous recks that compose mountains surrounding the
eastern plain probably have low hydraulic conduchivi-
ties, but their hydraulic properties are poorly known.
Highest well yields are from fractures, faults, and
weathered zones.

WELL YIELDS, SPECIFIC CAPACITIES, AND AQUIFER TESTS

Basalt of Quaternary and late Tertiary age that
underlies the eastern Snake River Plain yields large
guantities of water to wells. Data on 386 jrrigation
wells completed in basalt indicate that about 75 per-
cent are pumped seasonally at 900 to 8,300 gal/min.
Pumping drawdown below static water level in 68
percent of the wells was 20 ft or less, Maximum re-
ported yield from a single well completed in hasalt
was about 7,250 gal/min, Along the margins of the
plain where sedimentary rocks are interlayered with
basalt, about 50 of 60 irrigation wells are pumped at
300 to 2,700 gal/min. Pumping drawdown in 45 per-
cent of the wells completed in sedimentary rocks was
20 £ or less. Maximum reported yield from a single
well was 3,000 gal/min, These date indicate that
wells completed solely in basalt generally yield more
water with less drawdown than wells completed in
sedimentary rocks.

Median specific capacities (yield, in gallons per
minute, per foot of drawdown) indicate the relative
water-yielding capabilities of different aquifers. Spe-
cific-capacity data from 176 irrigation wells across
the eastern plain are presented by county in table 3.
Largest median specific capacities are from counties
in the central part of the plain (Jefferson, Minidoka,
Lincoln, Bonneville), Aw&ge %ernary basalts are
thick and transmissivl h?? DY owest median spe-
cific capacities are from counties along the southern
margin of the plain (Cassia, Twin Falls), where
e A codiments oredogiigate. The in-
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Pamn 3.—Specific capacities reported by drillers

[Values in gallons per minute per foot of drawdoew; QTs, Quaternary‘-Tertiary sediment; QTh,
Quatemary-—'“l*ertiary basalt]

MNumber
County Aquifer of wells Mean
Bingham QTs/QTh 16 940
Bonneville QTh 5 340
Butte QTb 10 7190
Casgia QT=/QTh 21 1,100
CGooding QTh 6 1,500
Jefferson QTh 29 2,120
Jerome QTh a8 480
Lincoln QTh 3 320
Minidoka QTh 19 840
Power QTs/QTh 21 180

in Falls QTs/QTb 8 190

Standard
dedation  Minimum WMaximum Median
e ————
1,710 27 6,400 120
280 33 680 360
1,220 3 3,600 130
2,914 3 10,000 40
2,920 9 7450 340
2,540 18 8,000 950
560 8 1850 200
230 57 460 450
870 28 3,880 716
220 1 750 80

310 1 760 4

Twnrells QrvQT 8 F T

dicated maximuims, minimums, and standard devia-
tions show large areal variability in specific capacity
because of differences in well construction, degree of
development, and heterogeneity of the geologic frame-
work, This heterogeneity is due to the discontinuify
of highly productive zones of Tubbly basalt and sand
and gravel layers and indicates that aquifer proper-
ties change abruptly over short distances.

Transmissivity values from aquifer tests are in-
dicative of relative areal differences in transmissivity
but do not generally represent total aguifer transmis-
sivity. Transmissivity and storage-coefficient data
from 31 aquifer tesis reported by Mundorff and oth-
ers (1964, p. 146, 147, 153-155) and by Haskett and
Hampton (1979, p. 26, 29) are presented in table 4.
Transmissivities calcalated from these tests typically
represent local conditions around a partially pen-
etrating well, Test data indicate that the upper 100
to 200 ft of the Snake River Plain aquifer has a range
of transmissivity from less than 1.0 to 56 ft¥/s and an
average unconfined storage coefficient of about 0.05.
The data also show a large variation in transmissivi-
ty, For example, test data from Butte County in the
entral part of the plain show more than a hundred-
fold difference between low-and high-transmissivity
values for basalt of the Snake River Group.

RECHARGE

Recharge to the eastern Snake River Plain ground-
water systemn is from se€page of surface water used
for irrigation, stream and canal losses, underflow
. O, e hacing, and infiltration of

precipitation. Recharge from each source was calcu-
lated separately. Pumped ground water in excess of
crop consumptive irrigation requirements (BT minus
growing-season precipitation) was assumed to return
directly to the aquifer and therefore was not consid-
ered a source of recharge. The average recharge rate

for each surface-water-irrigated area shown in figure
7 wag determined using the equation

Irrigation recharge {Rfyr) =

TDiversions—Return flows (acre-fHyT) _ET Giym)
Aren (acres)

(n

Assuming that the ratio of recharge to surface water
diverted is reasonably constant with time, recharge
from surface-water irrigation in 1980 was about
equal to the average annual recharge from 1928 to
1980 (fig. 8).

If diversion and return-flow data for irrigation dis-
tricts were not available from wetermaster reports
(Idaho Department of Water Resources, 1980; Water
Districts 37, 37TM, 1980), they were cajeulated from
U.8. Geological Survey records (1980) and from U.S.
Rureau of Reclamation data (Roger Larson, written
commun., 1981). To simplify the estimation of irriga-
tion recharge, irrigation districts were grouped into
areas similar to those used by Norviteh and others
(1069), as shown in figure 7 and listed in appendix A.

Crop consumptive irrigation requirements (table 2}
were adjusted for precipitation during the growing
season to caleulate recﬁ . gjtéﬁated recharge
rates and volume of rec @ t part of each
irrigation area (fig. 7) within the modeled ares &8
shown in table 5. The model is discussed in the
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TABLE & —Transmissivities and s

[Sources of data: Haskett and Hampion, 1979, o

STEM ANALYSIS—»SNAKE RIVER

26, 29; Miundortf and athers, 196

PLAIN, IDAIO

torage coefficients determined by aguifer tests

4, p. 148, 147 153-155. Aguifer:

QTh, Quatemary——'l‘ertiary basalt; Q@Ts, Quatemary—Tertiary sediment; -—; 08 data availablel
[ T e — — ——
Specific
capacity Transmis
{gallous sivity
per minuse (feer
well Depth per foot squared Sprage
County Aquifer Joration (feet) of drawdown) per secon d) coeificient
Blaine QTh 89-26E- 3DCC2 185 T4 —
Bommeville QTb 3N-37E-12BD2 560 1,615 11.6 —
QTh 1N-38E- 1CCl 218 4,570 23.2 0.076
Butie QTh 6N-31E-13AC1 845 61 1.1 01
QTh -13AC2 365 141 1.2 03
QThb EN-31E-10CD1 — — 9 —
QTh AN-26E-32CB1 263 25 11 024
QTb 4N-80E- 7AD1 687 _— 2.6 ——
QTb AN-S0E-30AAL 546 147 2.3 —
QTh -30AAZ — — 1.7 —
QTh -30AD1 528 — 5.1 o
QTh 3N-20E-14AC1 586 2,176 21.7 02
Qb -14AD1 — —_ 27.9 06
QThb 5N-20E-24AD1 608 —_ 5.1 06
QTs/QThb aN-30E-34BAL 653 18 2 —
QTs/QTh 9N-28E- 1DB1 681 15 2 —
Cassin QTb 108-21E-34DD1 473 B60 9.7 22
Fremont Qth 7N-30E-16DBB4 —_ 1,740 55.7 —
Gooding Qb 88-15E-33CC1 107 — 16.5 046
Jefferson QTh gN-34E-11DCL 116 2,060 124 .06b
Qb TN-34E-24AA1 106 2,500 7.1 10
Qth 8N-351-26CCL 300 — 7.0 034
Jerome QTh 75-19E-19AA1 280 2,160 13.3 —_
QTb g8-198- BDAL 329 B8 (R —
QTb 98.19E-25BB1 208 1,470 4.3 —
Qih 10S-21B-28AAAZ — T 1.2 —_
Lincoln QTh 53-17E-26AC1 254 1,610 5.6 —
@Th g3-18E- 7BCL 224 457 5.4 —
Madison QTh 7N-38E-23DB1 236 1,130 18.6 000017
GTs/QTh 6N-38E—25ACBI 885 1,305 23.2 — '

8824~ BADZ

256

GO5

13.5 014

M

ENTCS
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were considered in estimating other increases in ir-
rigated acreage. Return-flow estimates were based
on data collected by the U.8. Bureau of Reclamation
in 1979-80 and by the U.5. (Geological Survey in
1980 (Kjelstrom, 1986). Few return-flow data are
available for past years.

Gtyeam and canal losses also provide significant
amounts of recharge. Spake River Josses to ground
water totaled about 700,000 acre-ft in 1980, and
gains from ground water totaled about 7,100,000
acre-ft (Kjelstrom, 1986). Snake River reach losses
and gains in 1980 are listed in table 8; average an-
nual losses and gains for 5-year periods from 1912 to
1680 are listed in table 9. Losses decreased in the
reach from Heise to nedr Blackfoot from 1912 to 1980
as a result of a rise in ground-water levels under sur-
face-water—irrigated lands near the river. Raised
ground-water jevels reduced nead differences between
the river and the aquifer end subsequently reduced
river losses to the aquifer. Annual ground-water dis-
charge to the Snake River between Blackfoot and
Neeley was consistently about 1,800,000 acre-ft, but
annual discharge between Neeley and Milner fluctu-
ated from about 90,000 to 480,000 acre-it. Variations
in discharge between Neeley and Milner probably
result from wet and dry climatic ¢ycies and from er-
ror in the water-budget analysis. Average annual
ground-water discharge to the Snake River between
Milner and King Hill increased from about 3,800,000
acre-ft during 1912-15 to a maximum of about
5,300,000 acre-ft during 1951-55 in response to in-
creased diversions of surface water for jrrigation.
Since 1958, ground-water discharge to the reach has
declined to about 4,800,000 acre-ft/yr.

section “Ground-Water-Flow Modeling.” Total volume
of ground-water recharge in the modeled area frorm
surface-water irrigation in 1980 was estimated o be
about 4,800,000 acre-ft.

Irrigation—diversion data from the Idaho Depart-
ment of Water Resources (written cOmMMUL., 1581}
were usged to calculate H-year averago ground-water-
recharge rates from 1928 to 1980 (appendix B). These
records are the basis for recharge rates ligted in table
8; calculations Are chown in appendix B. Recharge
rates for most jrrigated areas changed slightly over
the period of record; some fluctnations were noted
during dry and wet periods. However, recharge rates
calculated for areas 1 and 16 changed substantially
owing to large changes in irrigated area, @3 shown on
the irrigated-area maps (pl. B Mapped differences in
jrrigated area are_assumed to be due largely to actual
changes in irrigated acreage but may, in part, reflect
mapping errors. Estimation errors of local scale are
presumed to have minimal effect on regional analysis
of ground-water hydrology-

Rates for total recharge from infiltration of sur-
face water used for irrigation during 5-year periods
from 1891 to 1980 are listed in table 7. Calenlations
for the peried 1891-1925 were hased on the average
recharge rates shown in table 6, along with 1899
and 1929 irrigated-acreage maps in various combi-
nations, as listed in table 7. Variations in jrrigated
acreage from 1891 to 1920 were estimated on the
basis of information in table 1, which indicates that
about 50 percent of presently irrigated land above
Neeley was pub into production between 1890 and
1900. Opening dates of major canals, such as the
Twin Falls North Side and South Side Canals, also

10
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TanLs 5.—Bsiimated recharge

from surface-woter irrigation,

water year 1980

Values are rounded]

e

Recharge
Diversion— Eyapetran- 1o modeled
return tow spiration Recharge Area area

Ax_"ca {acre-feet Area (feet (feet in model’ {acre-feat
(fig. 7 per year) (acres) per year) per year) (acres) per year)'
1 38,800 31,300 1.0 0.24 1,100 300
2 154,300 21,500 11 5.97 19,600 117,300
3 379,100 26,300 12 13.24 96,300 347,600
4 246,600 32,800 1.3 8.22 32,200 200,500
B 128,760 30,500 1.3 2.92 28,400 82,800
6 1,388,600 146,200 1.3 5.20 137,500 1,127,900
7 256,400 62,700 1.3 2.7% 62,700 174,800
B 527,800 §2,800 1.3 5.08 78,200 397,100
9 297,300 29,300 156 8.25 20,300 183,400
10 487,900 97,100 1.5 3.53 96,600 341,100
1l 73,900 49,300 15 0 22,000 0
12 338,500 22,000 1.6 9.53 82,000 207,600
13 48,800 17,600 1.6 1.18 17,600 20,700
14 1,022,100 179,500 1.6 4,09 179,600 734,400
15 571,900 258,600 16 £1 229,300 139,900
16 £0,600 11,200 1.6 3.80 11,200 42 600
17 245,800 49,300 1.6 3.38 48,100 162,500
18 44,000 12,000 1.6 2.16 0 0
19 67,100 18,000 1.6 2,13 18,000 3,300
20 62,600 17,000 1.6 2.08 17,000 35,400
21 226,100 29,000 16 6.19 25,000 179,700
22 106,800 6,200 1.6 15.50 8,200 06,800
23 69,200 15,900 1.6 2.74 15,800 43,600
24 36,000 11,600 1.6 1.60 11,600 17,400
28 94,700 27,500 1.6 1.85 27,600 50,200
26 129,200 17,100 16 5.96 17,100 101,800

R S}

sials 7,033,800 1,862,600

1,244,000 4,844,400

Creals ToBEO LSEE0

18pa section nGrewad-Water Flow Modeling”

Most canal losses were added to the total recharge
from each irrigation area. However, because the
Milner—Gooding, Aberdeen-Springfield, and Reserva-
tion Canals lose water by seepage hefore reaching
peints of delivery, they were treated separately as
distributed losses and are listed. in table 10. Tribu-
tary streams listed in table 10 also were treated as
distributed losses because they lose all their flow to
seepage or to BT on the plain. Losses from tributary
streams that reach the Snake River were included
with irrigation recharge in the arcas supplied by
those sireams.

Kjelstrom (1986) used bhasin-yield eguations to eal-
culate average annual anderflow rates from tributary

drainage basing {table 11). Equations incorpo

drainage area, mean anpual precipitation, and
centage of forest cover as independent variables.
officients for independent variables were determ
from a regression analysis by using basins for w
streamflow records were available and from w
on the basis of geologic conditions, underflow wa
sumed to be relatively small (Kjelstrom, 1¢
Underflow estimated using rates determined
basin-yield equations is about 8 percent of the
age water yield from tributary drainage basins.
Average annual recharge from infiltration of

cipitation on tbAﬂBnggsgssumed to vary aeco

to the amount of precipitation, goil. thickmess,

e
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TapiE 8.—-Rechorge from Henrys Fork and Snoke, Big Wood, ond Little Wood River diversions, 1328-80

r‘/‘,/’_’[vihfin feot per year; — DO Jata availeblel

'/_’__JJ"/”—‘M
) Year

1028-80

196165 1966-70 187175 1976-80 dverage

Arca
(fig. 7) 1528--30 1551-38 1956-40 1941-45 164650 185155 198660

1 4.33 245 4.29 4.76 5.43 0.44 0,68 071 0,80 Q] Q) 295
2 3.76 2.50 361 3.71 4.00 4.00 4.64 4.38 4,68 5.19 4.58 4,13
3 B.05 7.55 8.19 7.64 7.92 12.39 13.12 8.06 7.93 10.60 7.6 9.13
4 2.580 2.53 31 3.10 3.19 4.31 4.63 2,04 2.14 621 .97 3.44
5] 4.06 165 2.41 1.40 1.63 3.30 3,78 85 1.20 3.79 3,18 2.50
3] 8.63 7.66 2.22 7.91 8.21 061 10.03 B.05 8.76 11.21 8.42 R.79
7 2.64 2.08 2.58 2.04 3.12 3.06 3.31 2.34 9.42 2.03 248 92.63
8 3.80 3.56 4.27 4.03 4.40 4.49 4,69 4,02 4.30 4.38 5.06 4.17
9 — -— — —_ — o — - — — 3.86 3.86
10 1.76 1.43 1.64 1.51 1.71 246 2.61 2.02 2.33 4,20 3.57 9.29
1 — _ _ — . — a7 38 a1 66 .78 A1
12 4,11 2.78 3,36 210 2.76 3.82 3.43 2.29 2.71 2.95 2.41 2.09
13 _— — — —_— — — 15 0 0 53 b6 25
14 2.84 1.73 2.11 2.10 2.28 4.83 471 3.02 363 4.96 319 3.23
1b 1.31 1.51 1.54 1.84 1.92 1.76 1.63 1.27 1.44 1.87 1.72 1.62
16 3.25 1.27 1.59 19 118 12.06 13.56 17.88 20.54 1.h8 1.60 6,85
17 1.62 176 2.14 2.12 2.50 3.30 3.34 3.38 3.68 4.31 3.39 2.86
18 51 a1 53 145 120 64 W1 343 245 — _ 1.20
19 — — 1.14 4 97 1.43 1.69 1.52 1.35 836 86 1.18
20 — 0 B85 34 B0 1.82 177 1.29 1.43 2.10 1.62 1.15
21 — —_ 5.99 3.14 3.65 B.44 7.79 10.86 12.24 7.61 4.87 6.83
22 — —_ 14,42 925.86 22.59 8.83 504 1954 12.87 10.99 8.14 14.10
23 — 1.33 2.10 3.35 3.74 1.56 1.32 2.3 2.28 3.483 2.34 2.42
24 — — —_ —_ —_ — — 28 22 23 31 AB
25 — 1.39 2.017 2.26 2,78 2.14 2.06 2.67 3.64 2.26 1.26 2.25
26 1.50 2,08 211 1.96 292 2.30 1.34 2.21 2.73 2.90 2.7 2.33
My area ingide study bonndery.
infiltration capacity of the soil cover. Most recharge is Stephenson and Zuzel (1981 used a similar &

anowmelt thab infiltrates during winter and spring proach t0 egtimate recharge from precipitation drix
months when evapotranspiration rates are low. Re- | & study of ground-water recharge in 2 small bas
charge was varied using October to March precipita- underlain by basalt in southwestern Tdaho. They d
tion records from stations at Aberdeen, Ashton, Bliss, termined that ground water was recharged by inf
and Idaho Falls (fig. 2). Recharge from precipitation, tration in areas of low-relief rubbly hasalt outero
chown in figure 9, was calculated by subdividing the and shallow soils, and in bedrock channels durt
castern Snake River Plein into six areas (table 12), runoff and channel flow. Recharge took place af
which differ in soil type (fig. 10 and appendix C) and | 0.8 to 1.2 in. of rain foll with a 24-hour period
amount of mean annual precipitation (fig. 2). Rates of | after higher intensity cloudbursts. Stephenson ¢
recharge from precipitation were modified from rates | Zuzel (1981} also determined that the time from
nzed by Mundorff and others (1964, p. 184) by teking end of precipitation to the ground-wa’f,er-level P
into account soil texture &nd soil depth to pstimate depends only on soil depth,

recharge from precipitation (table 12). Tptal average Variations in ¢ributary-stream losses, undert
annual recharge 1o the ground-water system from pre- from tributery @ i E&ns, and recharge £
cipitation was estimated to be about 700,000 acre-it. precipitation dur 5 intervals between 1
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Tuprs 7.—Total recharge from surface-water irrigation, 18911880

Years

1851956
1896--1800
190105

1906-10

191115

1916-20

192125
192630
183135
193640
194148
1946-50
195155
1656-60
196165
196670
197176

Total

recharge

Irrigated acreage Recharge {acre-feet

{pl. B (table §) per year)
e
0,50 = 1899 acreage Average 1928-80 730,000
1.00 x 1898 acreage 7 do. oo 1,450,000

0.65 % 1929 acreage, aTeas

1-10; 1.00 x 1899 acresge,

areag 11-26 do, e 2,220,000
0.80 x 1028 acreage, areas

1—10; 1.00 = 1899 acreage,

greps 11-26 e Ao, oo 2,660,000
0.80 x 1920 acreage,

aress 1-10; average of

1899 axnd 1928 for

greas 11-26 7 do. s 3,590,000
0.95 x 1929 acredge,

areas 1-10; average

of 1389 and 1929 for

areas 11-26 JUUNTRN : [+ PR 4,040,000
L3 TSR P 1L T 5,130,000
LUDD 1versvreerreessesssmssamsmsssansinss 1928-30 4,610,000
Average of 1929 and 1945 ... 1931-35 4,170,000
Average of 1929 and 1945... 193640 4,650,000
L Y T RS T 194145 4,620,000
TOAB oorcrsvmrmerersami et 1946-50 4,960,000
L1 11 JTTRRRRUCTRSRLL A il 195155 5,400,000
L1 151 DO B L 195660 5,560,000
TOBB Lervecsrrmesssmrnsesprnssmrnassaesss 1961-65 4,850,000
1OBB oveeerirnesrrsramssnemaseseasmsers 1966-70 5,280,000
1HTD o omererveremmsanresrmsresesnsnest 1971-75 5,750,000

1a76-80 4,600,000

F1i

and 1980 are listed in table 18. Flows in streams and | along the reach from Milner to King Hill (Kjelstrom,

underflow crogsing the northern boundary of the | 1986). This amount is about 70 pe
eostern Snake River Plain were estimated using cor- at King Hill in 1980, Most springs
relations with the long-term streamflow hydrograph aalt of the Snake River Group alon
ay Reservolr (L.C. | the river. H.R. Covington (U.8. Geological Survey,
written commun., written commun., 1083) determine
drainage basins tudes of north-gide gprings are controll

of the Big Lost River below Mack
Kjelstrem, U.5. Ceological Survey,
1983). Underflow from tributary

reent of gaged flow
discharge from ba-
g the north side of

4 that the alti-
ed by several

along the southern boundary of the plain was esti- | factors: (1) altitude of the contact betwesn relatively
mated using correlations with the long-term record of impermeable Banbury Basalt and basalt of the Snake
River Group, (2) iocation of lake clays, and (3) loca-
tion of relatively impermeable 1daho Group (Glenns

the Portneuf River at Pocatello.

DISCHARGE

GEEPS AMD SPRINGS

Ferry Formation) sedimentary rocks.
Most major springs along the Snake Ri

ver from

Milner to King il discharge from pillow lavas and

: bagaltic sands. ILR. Covington (U
Ground-water Jdischarge from the pastern Snake | VeY, written commun., 1983) describ

8. Geological Sur-
ed the pillow la-

River Plain aguifer system 18 largely seepage and | vas as basalt that was deposited in a8 lake hehind 2

spring flow to the Snake River in
Milner to Xing Hill. | lava continued to flow into the canyon,

bout 4,700,000 acre-ft | dense lavas was deposited downstream
4 to the Snake River | whereas pillow lavas were dARBeB 3Epfrear Pillow

Blackfoot to Neeley and from

During the 1980 water year, 8
of ground water were discharge

the reaches from | lava dam in an ancestral Snake River canyoll
a sequence of
from the dam,
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TamE 10—Average annual bributary-strecm and canal losses to
the ground-water system

TapLe B—Snake River losses to and gains from ground water,
water year 1880

[From Rjelstrom, 1986] {Streams shown on el L canals ghown in fig. 6 A, not applicablel

e

Lots (-] or gain Consumptive
e ———— water nse UPSD'E'AITL
Reach {gaging-stalion (cubic feet {acre-feet ( LDS; fromf't.:}e bc;u:m:liary '
ocatl ownt on pl. secon &1 Vear acre-feet of the plain
locations showst P b per sccond)  peT Ve ’ Narme per year) {acrefeel pet year)
Heise to LOTENAO oo 1456 -105,000 . .
Lorenzo o Lewisville . 289 209,000 B.lg Lost Rwe?r """""""""""""" 51,000 35,000
. Little Lost RIVeT .o 12,000 16,000
Lewisville to Shelley ..o -379 ~275,000 .
Medicine Lodge Creek .o 30,000 4,000
Shelley to at Blackfooh .o -153 ~111,000 B Creck 21,000 1000
At Blackfoot to near Blackfoob ... _o70  -196,000 Cea"er Cre:k """"""""""""""" 53,000 5000
Near Blaclkfoot 1o Neeley - 2,620 1,902,000 Bmas UTBek o oot ! '
- Milner~Gooding Canal.....c...s 97,000 NA
Neeley to WHIEAOEA carvmvnrersenssmenseninees 179 130,000 Aberd Sori 14 Canal 95,000 NA
Minidoka to Milner ..o 132 96,000 | 1 e ee;‘.' Pémgf%e e L 500 NA
Milner to Kimberly (morth gide) vouene 30 21,000 ese;‘v: Tion A 390’000 65.000
Milner to Kimberly (south side) ...... 966 193,000 R :
Kimberly to Buhl (north side) cns 1,112 807,000 I ——. . fore irrigeti
Kimberly ta Bukl (south Gide) oo 110 80,000 Additions} atreamflow & 1ahle for recharge before ITIE tion began.
Buhl to Hagerman {north side) ..., 3,468 9,508,000
Buhl to Hagerman (south gide} «.ooen 160 109,000 | lavas generally are unsorted, coarse grained, poorly
Hagerman to King | = 15 NPT 1,412 1,025,000 i_ndurated_’ and have extreme]_y high POTGSitY and hy-
O _ga7,000 | draulic conductivity. Highly permeable pillow lavas
Tobal ZALR coererereercsemsriremsssssernasess 9,756 7,081,000 and the interconnection of ancestral canyons make

the basaltic aquifer along the river reach from Kim-
berly to Bliss highly transmissive.

In many places, the top of the Banbury Basalt de-
fines the lower limit of major spring emergence along
the present canyon between Twin Falla and Blisa.
HBowever, not all springs discharge frora in situ Qua-
ternary basalt. Many springs discharge from talus
aprons at various altitudes above the canyon floor; &
few appear to discharge from older Banbury Basalt.
From test drilling and examination of roadcuts along
the canyon, Whitehead and Lindholm (1985, p- 1N
guggested that fine-grained sediments of the Idaho

TanLe O.—Snake River josses to and gains from ground water,
1812-80

Ayerage annual osg (~) or gain
between gaging stations {acre-[pet per year)

Mear : .
Helse t@ Blackfoot Necley Milner 10 Grqup contrfnl some gpring-vent altitudes. A't some lo-
Years nepr Blackfoot 1o Neeley \o Miner  King Till cations, springs discharge from coarse-grained flood

___f_’—f—,——d—_/ debris on the canyon floor or directly into the river.
1912-15  -730,000 1,860,000 130,000 3,760,000 Ground-water discharge (mainly spring flow) frem
1916-90  -740,000 1,810,000 220000 4,020,000 | the north side of the Snake River increased dramati-
1921-25 -670,000 1,850,000 100,000 4,280,000 | cally after 1911 as & result of surface-water irrigation
1926-30  ~560,000 1,830,000 140,000 4,660,000 1, Gooding, Jeroms, and Lincoln Counties (fig. 11).

1931-85  -810.000 1,860,000 90,000 4,550,000 Spring flow continued to increase until about 1850-

1936-40  ~630,000 1,800,000 180,000 4,790,000 55 and peaked in 195% at a.bout 6,800 ft?fs. Spring
164145 __550,000 1,850,030 210,000 5,040,000 flow generally has dechned smce the 1950 5 and was
1046-50 400,000 1,860,000 220,000 5,170,000 about 6,000 ft¥/s in 1080. Generally, individual spring
1051-65  —B330,000 1,680,000 200,000 5,200,000 discharges are lowest in April before irrigation begina
1956-60  -340,000 1,830,000 200,000 5,130,000 and highest in October just after irrigation ends.
Both short-term and leng-term flugtnations in spring
1961-65  -460,000 1,860,000 140,000 4,850,000 discharges are strongly and rapidly responsive to
196670 -360,000 1,810,000 230,000 4,980,000 | changes in recharge from irrigation.
97175 -190,000  LT70,000 480,000 £960.000 | Ground-water disc Bﬁgqg ings and seeps on
976-80  -480,000 1,930,000 280,000 4,810,000 | tne south side of the §naka Zr from Milner to

1976-80 480,000 AIDTT L ———
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Tapie 11.—Estimated underflow from tribulory droinage basing

e

Underfiow
e
Name {cubic feet (acre-feet
(pl. 1Y per second}  per year)

e

Camas Oreek ..o 215 156,000

Boaver CTeBk wumnnsimssesirees a5 632,000
Medicine Lodge Creel. iy 13 9,000
Warm Springs and Deep Creeks oo 42 30,000
BTch CrBeK ovremwinseammiosmsrsemmmsnsiiiaen e 108 78,000
Tittle Logt RIVET awmmensrsrneees 214 155,000
Big Lost RIVEL ovmnemnimrssrcnstirnssnes 408 285,000
Fish Creak s 8 6,000
Little Wood RIVET i 25 18,000
Gilver Creek o s 73 53,000
Big Wood RIVET weviieeessimmmameensieess 14 10,000
THOTTL CEEEK coreerirrssmsesrmmsrssseseasarnessses 8 5,000
Clover Creek e 14 10,000
Salmon Falls CrBBK .. vvvreerresrsmranimrsssnns 138 100,008
Cottonwood, Rock, and Dry Creeks ... 20 14,000
0058 CIEEK (eweiirmmmsra st 39 28,000
RATE RIVEE covorneresmmneessmmersrssssssnsnp s 116 24,000
Rockland Valley (Rock Creek) s 70 51,000
Bannock Cregk o 30 22,000
Portrotf RIVAT coermmmiresnsnmres B7 63,000
Lineoln and Ross Fork Creeks covneneer 6 4,000
Blackfoot TIVET ey 18 13,000
Willow CreeX . 40 29,000
Srake BIVET verimesmmsrrmimssen 10 7,000
Rexburg Bench .o 26 19,000
Teten River and Henrys Fork cooooeer 4 3,000
Big Bend Ridge 8T8 s 153 111,000

TIOEALS -roovessnermsesrssrncesssrsmnrees 11384 1,435,000

Hagerman genexally is small, about 500 ft%/s in water
vear 1980 (table 8). Half of the total was along the
Milner to Kimberly reach; from Kimberly to Buhi, an
unmeasured amount of ground water is discharged to
field drains and tunnels. The smaller amount of
spring flow from the south side of the Snake River is
likely due to a reduction in hydraulic conductivity of
bhasalt. Mundorff and others (1964, p. 78) reported
that water levels rose as much as 200 ft in the Twin
Falls area after irrigation began in 1907, Many fields
became waterlogged and drains were constructed.
These observations indicate that the transmissivity
south of the Snake River is generally lower than that
of the north-side basalt aquifer. ‘

F18

Directly north and enst of American Falls Reser-
voir, major gprings and seeps discharge along the
Snake and Portneuf Rivers. Most discharge ia from
the sand and gravel aguifer that upderlies the Snake
River flood plain frorz Blackfoot to American Falls
Reservoir. Details of geology in the immediate
springs area are poorly known, s there are no deep
drill holes on the flood plain. East of the floed plain,
several hundred feet of sand and gravel overlie basalt
(pl. 2, section D-DY, Quaternary basalt predominates
to the west. In the {mmediate vicinity of American
Falls Reservoir, jacustrine sediments confine water
that discharges a8 gprings where confining beds are
aheent, such as along the Portneuf River. ¥ifty to
eighty feet of flood deposits from the Pleistocene
breakout of Lake Bonneville (Malde, 1968, p. 2n
overlie the previously mentioned sand and gravel de-
posits in part of the area.

Since 19212, mean annual ground-water discharge
to the Snake River from springs between Blackfoot
and Neeley has been consistent, averaging shout
2,500 ft¥s (fig. 12). River gains from ground water
measured in 1802, 1905, and 1908 of less than 2,000
{t#/s indicate that some of the measured discharge in
1812 may be attributed to recharge from irrigafion.
Spring discharge apparently was not affected by the
filling of American Falls Reservoir in 1926.

The Snake River from Lorenzo to Lewisville ®L L
gains ground water during the irrigation season but
loses ground water the rest of the year. Gains are
likely from sand and gravel that comprise the alluvi-
al fan around Rigby. Aquifer recharge from surface-
water irrigation is as much as 8 ft/yr. During the
1080 water year, the Lorenzo to Lewisville reach
gained about 200,000 acre-it of water (Kjelstrom,
1986},

GROUND-WATER FUMPAGE

Pumpage of ground water for irrigation increased
rapidly after 1945. By 1959, about 400,000 acres
were irrigated with ground water; by 1966, 640,000
acres; and by 1979, 930,000 acres, or 40 percent of
the irrigated lands on the eastern Snake River Plain.
Amounts of pumpage Were estimated from acreages
shown on plate 3, and consumptive irrigation require-
ments are given in table 2. About 630,000 acre-ft of
water were pumped for jrrigation in 1959, 990,000
acre-ft in 1966, and 1,430,000 acre-ft in 1979. Water
pumped in excess of consumptive irrigation require-
ments was assumed to return to the aquifer.

Ground-water pumpage for irrigation in 1980 was

estimated from electric% gl .consumption data
(Bigelow and others, 19 & ted 1,760,000
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HYDROLOGY w2l

or April. An example of this type of fluctuation is
chown by the hydrograph for well 7N-38E-23DBA1
in Madison County. This well shows about 5 ft of
yearly head ehange in response to surface-water ir-
rigation. In ground-water~irrigated areas, water lev-
ela are usually highest from October through March
and lowest in July or August. An example of this
type of fluctuation 18 shown by the hydrograph for
well 5N-34E-9BDAT in Jefferson County. Thig well
chows about 4 ft of yearly head change in response
to ground-water pumpage. The strong influence of
irrigation on ground-water levels is shown by the
hydrograph for well 48-24E-6BBCL. Although this
well is more then 20 mi from jrrigated areas, water
levels fluctuate seasonally in response to irrigation.
Of the six hydrographs shown, only the hydrograph
for well gN-20E-14ADD1 does not show seasonal
fluctuations.

Water levels also rise and ¢all in response to chi-
matic trends. Most of the hydrographs on plate 4
ghow water-level rises from ahout 1864 to 1976 in re-
sponse 10 above-normal precipitation (fig. 4). Surface-
water diversions also were above normal during this
period because more water was available (fig. 8).
Therefore, it s6ems likely that the water-level rises
were due to an overall increase in water supply,
rather than solely due fo a1 increage in recharge
from infiliration of precipitation on the plain.

In several areas ofl the eastern piain, ghallow flow
systems have developed locally in alluvium. Shallow
aystems are usually along loging river and canal
reaches and in areas where excess waler is applied
for irrigation. In these areas, downward water move-
ment is impeded by fine-grained sediments. Shallow
ground-water systems have developed near the lower
Henrys Fork neal Rexhurg; in the Righy Fan, Mud
Lake, Rupert, and Burley areas; and pear the mout
of the Big Lost River near Arco. In these areds, water
jovels in shallow wells completed in allgvium are
higher than those in nearby deepet wells. In the
Rexburg ares, hydraulic heads in piezometers 300 to
500 ft below land surface are 90 to 45 ft lower than
in wells less than 100 ft deep. Hydraulic heads near
Righby are 80 ft higher in the upper alluvium than in
deeper basalt. Tn the Mud Lake ared, where highly
permeable hasalt is interfingered with less permeable
sedimentary rocks, heads in shallow wells are 50 to
900 ft higher than in deeper wells. The same is true
in the Rupert—Burley grea, where head differenced
are 60 to 200 ft, and at the mouth of the Big Lost
River, where head differences hetween shallow an
deep wells are 300 to 700 ft. Some of the water in
ghallow systems ig gched and wltimately leaks
through an unsaturaé B339 Decharge the deepeTl
regional system.

acre-it of ground water were withdrawn {rom about
4,000 wells fo jrrigate about 980,000 acres. Some
pumped water was returned to the aquifer from canal
loss and 5eld seepage. Therefore, pumpage egtimated
from power—consumption data was compared with es-
timated consumptive irrigation requirements, and the
cmaller of the two estimates was uged to determine
net ground-water withdrawal. Net ground-water
withdrawal in 1980 was estimated to be about
1,140,000 acre-ft, or about two-thirds of total
pumpage egtimated from power-consumption data.

Pumpage for other uses in 1969 was estimated by
Young and Harenberg {1971, ™ 99-94) to be aboub
34,000 acre-Tt for municipal use, 7,000 acre-ft for ru-
ral and domestic 188, and 38,000 acre-it for industrial
use. Goodell (1985) estimated thaf in 1980, about
40,000 acve-ft were pumped for municipal use, 9,000
acre-ft. for rural and domestic use, and 44,000 acre-ft
for industrial wuse. These estimated, nonirrigation
uses of ground water are about b percent of esti-
mated total withdrawals for jrrigation.

REGIONAL GROUND-WATER FLOW

Ground-water flow in the regional aquifer system
underlying the oastern Snake River Plain is generally
perpendicular to water-table contours (pL. 4 and is
from DABIOT recharge areas in the northeast to dis-
charge areas in the gouthwest. Most recharge takes
place along the margins of the plain and in surface-
water—irrigated ayeas; most discharge is from gprings
along the Snake River near American Fails Reservoir
and from Milner to King Hill. A comparison of water-
table contouls for 1928-30, 1956-58, and 1980 (pl. 4
indicates that regional ground-water levels and the
direction of flow have been relatively stable In the
central part of the eastern plain for the past 50
years. However, hetween 1800 and 1920, water levels
rose at locations in the southwestern end of the east-
ern Snake River Plain (table 14), and spring flows
increased (fig- 11 in response to surface-water irrigs-
tion of large tracts of land om the plain. By 1929,
mast surface water for irrigation was apprepriated,
and since 1945 amounts of ground water withdrawn
for jrrigation bave increased. Hydrographs on plate 4
gshow that, despite strong seasonal variations,
ground-water lgvels have generally deciined in most
areas since ground-water pamping intensified in
about 1950.

In additien to chowing a long-term decline in
water levels, hydrographs on plate 4 show seasonal
and short-term climatic effects. In surface-waber-
irrigated areas water levels areé usually highest
e Agygust through October and lowest in March
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24 REGIONAL AQUIFEH-SYSTEM ANALYSIS~SNAKE RIVER PLAIN, IDAHOQ

TaniE 18.—Recharge from. tributary streqms, underflow, and
precipitatinn, 191180

Water levels in piezometers at test hole AN-38E-
12RBB1,2,3,4,5 (fig. 13) in a vecharge area decrease
with. depth. Piezometers 1, 3, and 5 are completed 111
major aquifer zones separated by clay units. Hydrau-

Values in gere-feet per yerT) 1ogations shown on pl. 11

e

Narth side lic-head differences hetween zones are soveral tens of
Suream South side? feet, wheress head (:hfferences between piezometers 2
1 Underfiow  undetflow Precipitation® and 3 {completed 1o the upper basalt aquifer and

Years 058

1911-20 200,000 1,060,000 480000 740,000
192130 170,000 990,000 460,000 650,000
193135 120,000 850,000 280,000 620,000
193640 160,000 780,000 340000 820,000
104145 210,000 1,110,600 420000 670,000
194650 180,000 940,000 490,000 720,000
195155 200,000 1,050,000 400,000 610,000
195660 190,000 1,030,000 370,000 630,000
198165 200,000 1,070,000 400,000 700,000
106670 240,000 1,260,000 420,000 700,000
197175 240,000 1,800,000 700,000 970,000
1976-80 190,000 1,010,000 450,000 700,000

Average 190,000 1,000,000 440,000 700,000

lacking clay units) are small. Water-level changes in
all piezometors indicate seasonal water-level risea
and declines in response to surface-water irrigation.
Highest water jevels are in sumumer and early fall;
lowest levels are in early spring. Water levels in pi-
ezometer 1 typically peak in June or July, whereas
water levels in piesometer 5 usnally peak in Septem-
ber or October. The time lag in head change with
depth probably i due to the effect of clay units with
jow hydraulic conductivity. Both the 80-ft head
change with depth and seasonal fluctuations of about
90 ft are, in large part, attributed to the application
of surface water in excess of crop consumptive Use
requirements and the presence of clay units. In the
vicinity of test hole 4N-38E-1ZBBB1,2,3,4,5, ground-
water recharge is about 8 ftiyr.

In several areas on the eastern plain, deeper wells
have higher heads than shallower wells. Upward Bra-
dents have heen defined in ground-water-discharge
areas near American Falls Reservoir and along the
Qnake River from Milner to King Hill. Tn both areas,
the regional ground-water system discharges horizon-
tally and vertically to the Snake River a8 gpring flow
and seepage. However, OIL 4 local acale, the same area
also receives recharge from surface-water jrrigation.
Upward gradients also are evident near the Rob-
erts area Dbetween the Snake River and Mud Lake.

VInciudes Clover Creelk, Thorn Creak, Big Wood River, Bilver Creek, Little
Wood River, Fish Cresk, Blg Lost River, Little Lost River, Birch COreek, Warm
Springs Creek, Deap Creek, Medicine Ladge Creek, Beaver ¢peek, Comas Creck,
and Biz Bend Ridge area. Flows varisd using the gage on the Big Lost River at
Mackay HE 2R index.

sfpcludes Saimon Falls Creek, Cottonwood Cragk, Roek Greek [Twin Falls
County), Wy Creek, Gonse Creck, Raft River, Rock Crsek (Powar County},
Rannock Greek, Portneni River, Lincolw Creek, Roes Fork Creek, Blackfool
Rivar, Willow Creek, Snake River, Rexburg fench, Teton River, and Heniye
Fork, Flowa veried uping the gage on the Porineuf River at Pocatello as BR
indet.

Ertimated Iram Qetober ta March precipitation at Aberdeesi. Aghton, Bliss,
and Idaho Fails stations.
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Troure 11.—Mean annual ground-water discharge along the north side of the Snake River feors MLLOET & King Hill, {Modified from
Kjelstrom, 1986.)
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TABLE 14.fGround—waterAlevel changes

[From Mugndorff and others, 1964, p- 162}

Depth Tepth Water-
Lo water Lo WALEY 1evel
(feet belaw (feel below rise

well Jocation Daie land surface) Daie land surface} {feet)
£5-13E- 60D Before 1901 430 1959 360 80
BS~15E-ZBBA 1909 94 1959 62 32
75—15E—33 1907 190 1959 150 A0
78-155- 8 1507 2185 1969 180 25
53-15E-31 or g2 1907 145 1959 110 ab
65-17E- 258 1890 Dry at 980 1952 210 70
SS-l’?E~19BBl 1907 342 1954 298 44
SS-'LBE—IBCG 1907 318 1969 200 118
4S-19E-2633A1 1913 330 1967 311 19
QS—IQE—].BAC 1907 252 1959 160 92
035-19E-26 1912 189 1659 127 62
GSwZOE-lEDA Before 1901 adl 1959 200 141
79238 b Before 1901 265 1958 210 58
83-26E- 1CBl Before 1901 375 1959 185 190
98—24E-29AA1 101 1951 59 42

1906

Around the northeast ond of American Falls Reser-
voir, water jevels in wells completed below fine-
grained lakebeds are ahout 20 ft higher than water
levels in wells completed in the shallow alluvium.
The lakebeds confiné water in umderlying sand, grav-
gl, and basalt aguifers. Springs discharge to the
Snake River, Spring Creek, and the Portneuf River
where the streams have eroded through the confining
lakebeds. In the Roberts ared, Jeep wells have heads
50 to 130 ft hipgher than shallow wells. Ground water
is Likely confined by {akebeds similar to those in the
Mud Lake area.

Water levels piezometers at test hole 78-15E-
190BA1,4,0 ({ig 14)in & discharge area increase with
depth. This test hole was drilled as part of the

IN CUBIC
COND
LA
=)

o
=]

DISCHARGE,
FEET PER SE

S S o
& & S

present study, and resulis were summarized hy
Whitehead and Lindholm (1985). The water level in
piezometer 5 is about 185 ft higher than the water
level in piezometer 1. The test hole is in 2 regional
discharge area for the eastern plain that includes
Thousand Springs, about 12 mi southwest of the drill
site. Silt and clay between piezometers 1 and 4 and
massive basalt between piezometers 4 and b are con-
Aining units. The water-level Tise from May to No-
yember is in response to applied irrigation water (pL.
3) and canal leakage. Although water levels in the
three piezometers peak at ahout the samme time, the
smaller rise in piezometer 5 compared with that in
piezometer 1 probably jg due to impedance of flow
through confining zones.

£ A&B 3389 §F

WATER YEAR
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Missing deia_p\ 0 Land surface about 4,830
S\ feet above sea level
!
!
!
]
i
! 100
4N-38F-12BBB1 {Piezometet 1)
Gravel, sand
200
. Piezometer 1
Mmssmg datg B (Opar 190-275)
= L
Q) 300
-
= =
% C.‘é N Clay
b =
% % 400 l— Sand
-t [42]
,; % Clay
Q 4 7Ry .
d LY piezometer 2
E-:l 3 500 b/ i (Cpan 472476}
(] -
Pt | QB
= o2 R
E = A Piezometer 3
4N-38E-12BBB3 (Piezometer 3) 7 e /\’ {Dpan 542-548)
z R0
E]; = 500 /’, \f 1 Basalt
-~
- E P
- 1]
3 a ARG
= S A%
= = NS
! ] -
- ’ 700 /\\:‘"
4 A 4
) \/ N T Piezometer 4
4N-38E-12BBB4 (Piezometer 4 LN {Opart 752-758)
. oM Gravel, sand, ciay
22; fihyalite
1 Clay
63
A Wissing data
75 Basalt
80 900 [~ | .Y asa
85 N Plezometer 5
50 \// \ Oper: 310-916)
N
1%?) ‘_’}\
105 AN-38E-12BBRS
110 1,000 Clay
1971 1972 1873 1974 1975 1976 1977 1978 1979 1980 1981 1582 1025 L

YEAR

FIGURR 13.—Hydrographs and lithologic log, test hole 4N-38E-12BBB1,2,54,5. {Location shown on Pl 4

&B 3400
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HYDROLOGY

228

75-15E-12CBA1

230
232
234
236
238

{Plezometer 1)
240

164

75-18E-12CBA4
166
168
170
172

(Piezometer 4)

174

T2

75-15E-12CBAS
74

16

78
{Piezomater 5)

.

APR. JUNE aUG.  OCT. DEC.

1982 1983
YEAR

80 T6B,  APR. JUNE

¥AT

{ and surface aboul 3,600
feet ahave sea jevel

100
Basalt

200

Water table

—— ezometet 1
{Open 25E-262)

300

400
Gravel

sijtstone

'] Conglomerate
500 - (7] sand
1 Clay,silt
Clay, silt, sand

BDQ
Basalt

|- Piezometer 4
{Open 665-670)

IN FEET BELOW LAND SURFACE

DEPTH,

Ash, basalt

Massive basalt

Siltstone

——— Pigzometer §
e (OpﬂnHm-HOé)
Sand

FiGuRS 14 —Hydrographs and Hihologic log, test hole 78-158-120BAL4EE. (Location showA&B- 3401
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GROUND-WATER FLOW MODELING

A longitudinal flow section from a major recharge
ares, Henrys Fork, to a major discharge area, Thou-
sand Springs, is shown in figare 15. The regional
aquifer underlying the eastern plain generally is un-
confined, but local confined conditions are apparent
in the Mud Lake area, where the water-table gradi-
ent is steep (pl. 4) owing to intercalated basalt and
fine- to coarse-grained sediments (Lindholm and oth-
ers, 1988). The fine-grained sediments likely confine
flow and reduce overall aquifer transmissivity. The
steep gradient between Arco and Lake Waleott (pl. 4)
may be due to decreased transmissivity along a rift
zone (pl. 2) where dikes may have healed fractures
perpendicular to the direction of ground-water flow
(Lindholm and others, 1988).

The steep gradient near the Snake River is due to
thinning of the basalt aguifer (pl. 2, section A-A')
and reduction in transmissivity. Little or neo
underflow leaves the eastern plain because the Snake
River is a regional sink, as indicated by the converg-
ing flow lines in figure 15.

GROUND-WATER BUDGET
A water year 1980 ground-water budget was com-

piled for the eastern Snake River Plain {fable 15), A
net loss in aquifer storage of about 100,000 acre-ft

was calculated from water-level changes measured in.

observation wells in water year 1980 (fig. 16). Stor-
age coefficients used to calculate change in aquifer
storage were 0.05 for basalt (aguifer-test data,
Mundorff and others, 1964, p. 156} and 0.20 for sedi-
~ ‘ments. The calculated change in aquifer storage com-
pares favorably with the residual from the
ground-water budget in table 15,

The most accurate estimates in the water year
1980 ground-water budget are of Snake River gains
and losses; errors of these estimates range from 3 to
10 percent. Estimates of recharge from surface-water
irrigation are less accurate because ET values used
in caleulations are empirical. ET is particularly diffi-
cult to estimate for large areas with varying climatie
conditions and crop types. Estimates of recharge from
tributary drainage basins (streamflow and underflow)
vary in accuracy because discharge from some
streams is measured directly, whereas discharge from
other streams is estimated from basin-yield equa-
tions. Change in aquifer storage was calculated using
data from widely scattered observation wells and es-
timates of the aquifer storage coefficient and is,
therefore, approximate. The estimation of change in
storage does, however, compare well with the re-
sidual from the ground-water budget, not ouly in sign
(net loss), but also in magnitude. :

Fzg

Tasre 15.—round-water budget, water year 1980

Recharge Acre-fest
Surface-water Frigation . ... cencnnsinreinan 5,840,600
Tributary drainage-basin underflow ....covirieee 1,440,000
Direct precipitation ... oo emneees 700,000
Brake River 108888 i 690,000
Tributary-stream and canal los5e8 ... 390,000
TPOEAL 1vmvoresreeeeeseeeseseeseesesrssssosessssssseommensnsenees 3,060,000
Discharge
Snake River Baing ... 1,080,000
Ground-water pumpage (meb) .. 1,140,000
TAEAL 1eresevereeresecaremrnmesrrtenrsssssararvesrercresneniaseness 020,060 -
Change in aquifer storage (budget residual) ...... -160,000
Estimated change in aquifer storage from
water-level Changes ....vccmsrmnenacnninan ~ 100,000

The least accurate estimates in the water year
1980 ground-water budget are of recharge from infil-
tration of precipitation. Although precipitation is
measured at several sites, aquifer recharge from pre-
cipitation cannot be measured directly. Mundorff and
others (1964, p. 184) estimated that recharge from
precipitation is about 500,000 acre-ft annually. Given

the.difference in sizes between the area studied by

Mundorff and others (8,400 mi?) and that used for
this study (10,800 mi®), the difference in estimates
(200,000 acre-fi) is reasonable.

Although individual budget-item errors may be
large, the overall budget error is small. The similar-
ity between change in aquifer storage and the bud-

| get residual (table 15) is due to compensating

errors in calculations of ET, basin yield, and re-
charge from precipitation.
GROUND-WATER-FLOW MODELING
APPROACH

The approach used in this study was to develop a
digital computer model of the eastern Snake River

Plain regional aquifer system for testing various con-

cepts of regional ground-water flow. Modeling pro-
gressed in stages from two-dimensional steady-state
gimulations to three-dimensional steady-state and
transient simulations. Results and conclusions from
each stage are documented; the emphasis in this re-
ort is on the final stage of modelipg
P The digital computer model %gth‘?’a%Qe:}natical
representation of the ground-water-flow system.
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GROUN DWATER-FLOW MODELING i1

subsequent meodeling sections. Ground-water flow
was assumed to be laminar and the Darcy flow egua-
tion applicable. A three-dimensional finite-difference
ground-water—ﬂow model (McDonald and Harbaugh,
1988) was used most extensively in this study. Verti-
cgl variations in head within each model layer wers
assumed to be negligible, and head losses between
layers were assumed to be controlled by confining
beds near the base of each layer. Therefore, model-
simulated heads are an approximate average of
heads within that aquifer layer.

Tocal aquifers perched above the regional aquifer
systemn were not simulated, although recharge to
perched aquifers was agsumed to ultimately reach
the regional aquifer. Vertical hydraulic conductivity
was assumed to he anisofropic owing to low-
hydraulic-conductivity basalt between permeable flow
tops and fine-grained layers within sand and gravel
zones. Horizontal hydraulic conductivity was 85-
sumed to be jsotropic because two-dimensional simu-
lations indicated small differences in modeling
results between isotropic and apizotropic conditions.

For steady-state model analysis, caleulated 1980
water-year fluxes (table 16) were assumed to approxi-
mate the average annual flux for the period 195080,
During that period, hydrologic conditions were stable
relative to conditions from 1880 to 1950. Ground-wa-
ter recharge was assumed to equal discharge (steady-
state conditions) for the peried 1950-80 hecause
jrrigation diversions and ground-water Jevels were
relatively stable (fig. 8 and pl. 4). Cround-water-level
declines due to pumping, climatic variations, and de-
creased surface-water diversions during that period
were generally small, and changes in storage were
accordingly small (about 1 percent, table 16). Ap-
proximate steady-state fluxes were computed by in-
cluding these small changes in storage as part of the
recharge term. Recharge from irrigation was assumed
to take place directly below surface-water-irrigated
areas.

For 1891 to 1880 trangient calculations, 5-year
averages were aggumed to adequately represent
long-term variations in flux. It was also assumed
that initial (preirrigation) conditions could be ap-
proximated hy removing recharge due to gurface-
water irrigation and ground-water pumping from
the calibrated steady-state model. Surface-water al-
titudes, used in the model for river-leakage simula-
tions, were corrected for prereservoir conditions.
The estimated preirrigation steady-state condition
was a stable initial condition for transient simula-
tiom; therefore, simulateAganég%dBare agsumed to
result from changes iy model input, not fram
nonequilibrium initial conditions. :

Modeling complex aquifer systems reqguires geveral
simplifying assumptions. The validity of model as-
gumptions can be judged by how well field conditions
are simulated. When model results approximate field
hydrologic conditions within reagonable limits of
error, the model is agsumed to be calibrated and
velid for hydrologic analysis.

The geal of modeling was to simulate known aqui-
fer conditions (head and spring discharge) within rea-
sonable ranges of values and fo define the hydrologic
offects of changes in model input data through sensi-
tivity testing. Decause model solutions are not
wnique, 8 model can be calibrated. using physically
anrealistic inpuf data. Some adjustments of model
parameters made during model calibration are justi-
fied on the basis of available evidence; other adjust-
ments, although not justified with available data,
may indicate where additional data are needed. Dif-
ferences between gimulated and messured head and
spring discharge also indicate ayeas where model re-
finement is needed.

Model input data for this study are based on geo-
logic and hydrologic information with varying degrees
of accuracy. For oxample, streamflow measurements
are considered accurate within about =H percent,
whereas aquifer hydraulic conductivity, which com-
monly is estimated by indjrect metheds, may be in
error by one to several orders of magnitude.

Tnitial values of aquifer hydraulic properties, Te-
charge, discharge, and pumpage were estimated for
model input. Model output then was compared with
known agquifer conditions to determine the reason-
ableness of the initial estimates. The model was
tested to determine its seneitivity to changes in
transmissivity, storage coefficient, aquifer leakance,
recharge, riverbed or _spring-outlet conductance,
ground-water pumpage, and boundary flux. Input
data were varied within reasonable ranges to achieve
a better fit to known conditions. Adjustments were
made to least known and to most sensitive model pa-
rameters. Simulation results indicated how the agui-
fer might have responded 1o past stresses, such as
increased pumping and reduced recharge, and how
the aquifer might respond to hypothetical future
stresses.

ASSUMPTIONS

To model the regional aguifer system, assumptions
were made concerping aquifer properties, hydraulic
fluxes, and initial conditions for transient analysis.
The major assumptions are outlined in this gection;
her more specific assumptions are digcussed in
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Tamie 16.—~Steady-state model mass balance, water year 1980

[Values in cubic fest per second]

A
C. Recharge ... e 7,800 B. Wells.. TP,
), Bnake Rwer losses 1,140 D. Snake vaer gamsz

oo =1 LR T b

Inflow Cutfiow

Specified flow i 2,740

0] 7= 1 SO 11,680 TOtal cvovercercrrrsrissrerrrngiones

Specified flow includes the following:

Tributary drainage-basin underflow simulated as rechargs weils (table 11} eiieniniens

Stream and canal losses (table 10) ..
Trrigation-refurn flow in Mud Lake ATBE vtrernsesssrosesessrbsmtmmrninieinsssasinss

_ Qround-water discharge includes the following:

Total ground-water pumpage ..
Irrigation-return flow in Mud Lake grea .

Net ground-water pumpage (EB1E 1B 1evverocussarreemmerssrmsessss bbb

' Ground-water recharge includes the following:

Surface-water irrigation (table 3 SO PO MR L
Prempltatmn (tahle 15) ..

Change in storage (table 15) e eeerorasrametseseedae e C AR RSP SsRA S e R

. Ground-water gain from or loss to the Snake River and tributaries:

Calculated
loss (-}
Snake River reach or gain

. Hagerman to King Hill oo -1,530
. Buhl t0 HAZETIATL wrrersrnianrcssmsssss s sisss st ssss sy e o -3,830
 Kimberly 10 BUhL e msrsrmes e e 1,430
 MEIner 0 KHIDETTY o siess e sssmmmss i s s 100
| Minidoka t0 MILDET ..cvrsmrssiesssisrssssssssss s s 0
. Neelay t0 MERIAOKE wvvuireserierssssmsssss st s -20

Near Blackfoot 10 NEelBY v iy e ~2,640

. At Blackfoot to near Blackfoot i 200
. Shelley t0 ab BLACKIOOL co.ovviserrrsersimmsaser st 160
 Lewisville t6 SHelley s s 370
. Lorenzo to Lewisville —44
 HBISE 50 LOTETIZO wrourrsssseranssarsrinscmsstsionssss s s s 2T 180

. Lewer Henrys B VUSRS SO SR UL LTI AL L ~30
| Lower Salmon Falls CTaek ooy ~4(}

TTOEALS +torseersesseseesesaesaenmemee s AR AT S -8,760

——————

1,790
9,880

11,680

1,880
540
220

2,740

1,780
-220

1,670

6,690
970
140

7,800

Measured
loss (-}
or gain
~1,410
-3,610
~1,220

-300
-130
-180

-2,620

270
160
380
-2490
150

-120
0

~8,930

‘Lagses and gaing totaled on & hlock-by-block basis.
1] nemes and gains toteled for each river reach, ' A&B 3406



GROUND—WATER—H‘LOW MODELING

TWO-DIMENSIONAL STEADY-STATE SIMULATIONS AND
PREVIQUS MODELING STUDIES

A nonlinear, least-squares regression technigue for
estimating aquifer parameters was initially applied
to the regional ag ifer system in the eastern Snake
River Plain. The application and results are ex-
plained in an earlier report (Garabedian,
major points are repeated here.

The parameter—eatimation computer program is
based on a technigue outlined by Cooley (1977, 1979,
1982) for two-dimensional gteady-state ground-water
flow. Hydrologic data for the 1980 water year
{steady-state conditions assumed) were used to calcu-
late recharge rates, boundary fluges, and gpring dis-
charges. Ground-water use was egtimated from
irrigated-land maps and values of erop consumptive
use. These mass-flux estimates and riverbed or
spring-outlet sonductances (hydraulic conductivity of
copfining bed and streambed divided by bed thick-
ness) were used as fixed values during gach model
simulation for the calibration of transmissivity. Be-
cause the parameter-estimation model can calibrate
some parameters automatically, but not all parame-
ters at once (without prior jnformation), some paramn-
eters were held fixed during the medel run but were
adjusted for better model fit for the next run. River-
bed or spring-ouilet conductance values were ad-
justed between gimulations by comparing simulated
spring discharges with measured discharges..

Simulation results indicate a wide range in aver-
age transmissivity from about 0.05 to 44 fizfs (g 17)
and, in average riverbed or spring-outlet conduc-
tance, from about 2107 to 6x10-% (ft/s)/iL. Along with
parameter values, model statistics were caleulated,
including correlation coefficient between simulated
and measured heads (0.996), standard error of head
estimates (40 ft), and parameter coefficients of varia-
tion (about 1040 percent). The high correlation coaf-
ficient indicates & good statistical fit between
gimulated heads and measured heads in the regional
aquifer. About 95 percent of simulated head values
were within 80 ft of meagured head values. The coef-
ficient of variation for simutated model parameters
can be used to form confidence limits for these esti-
mated parameters.

Estimated transmissivity values were lowest
along the margins of the plain, where model errors
were highest. Madel errors, particularly along plain
marging, were likely dus to violation of the assump-
tion that ground-water flow is two dimensional and
steady state. Model fit improved slightly when »
direction (nerthwest-southeast) transmissivity val-
iative to x-direction

b [ 7 )

1686); only .

F33

result may he due $0 the impedance of flow in the
viginity of the northwest-trending rift zone beiween
Arco and Lake Walcott (ph 2). The difference be-
tween x and ¥ trangmissivity in modeling results is
slight (about 20 percent), which indicates little re-
gional anisotropy across the modeled area. The sig-
atficant decrease in transmissivity immediately
upgradient from the rift zone may be related to -
fracturing and, possibly, subsequent healing of frac-
tures by later movements of magma,

Simulated heads were most sensitive to changes in
recherge and, in some BIeas, transmissivity (particu-
Jarly near springs along the Snake River from Milner
to King HilD. Modeling results also were sensitive to
the distribution and number of the discratized zones
(fig. 17). As the number of zones (and model param-
cters) was inereased, model fit generally improved;
however, the tendency for nonconvergence also in-
creaged, Therefore, 2 sufficient number of zones were
ysed to achieve & good model fit and still maintain
model stability and convergence.

Transmissivity values of the regional aguifer sys-
tem obtained by the preliminary two-dimensional
steady-state simulation (fig. 17) were compared with
values obteined by Mundorff and others (1964, pl. 8}
(fig. 18), Norvitch and others (1969, p. 37) (fig. 19),
and Newton (1978, p. §7-71) and are presented in
tahle 17. In the central part of the plain, the trans-
missivity values are girnilar in all four studies, as in-
dicated by high and low values. Major differenees
ware noted along the margins of the plain where the
model results were consistently lower.

Along the margins of the plain, hydraulic head
generally decreases with depth and recharge is pre-
dominant. Where heads increase with depth, such as
between Blackfoot and Neeley and between Milner
and King Hill, discharge predominates, though re-
charge from surface-water irrigation also may take
place. Three-dimensional simulation is needed to
properly gimulate the vertical variations in head. In
the central part of the plain, heads generally do not
change with depth, and flow is largely horizontal and
two dimensgional.

THREEDIMENSIONAL GROUND-WATER-FLOW MODEL

As described in the preceding parts of this report,
the regional aquifer system in the eastern Snake
River Plain is three dimensional, Simutation in two
dimensions iz an oversimplification because heads
chenge with depth in B4Qarge and dis-
charge. Therefore, in the RASA study, a three-
dimensional finite-difference model was the final
A water-flow modeling. :
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GROVND-WATER-FLOW MODELING

Tanig 17— Comparison of published transmissinidy
values with two-dimensional steady-state regression

results

[Velues in feat equared per secand; », greater than; <, less

than; —, no data available]

Mundorff  Noeoviich Gargbedian
Model and and regression
one others others Newlon results
fig. 17) {1964) {1969) {1978) (1986}
1 — - — 0.16
2 a 1l 8 12
3 & 3 ] 064
4 i5 15 10 9.1
& 15 11 30 52
6 30 20 36 27
7 — <3 6.2
8 1t & 2 12
9 8 8 3 .83
10 >80 15 6 1.0
11 30 50 36 44
12 1 8 4 67
13 & 2 25 7.9
id 15 <8 3 9.2
15 =30 30 9 13
i6 e — — .16
17 >30 1 10 44
18 B 3 10 A7
19 — — — 050
20 B 8 3 13

An equation describing three-dimensional flow of
ground water is

3 GhY @ § o4 #h
(k) 2 e e Ra ) el @
where
x,y,z = Cartesian coordinate  direction
(Jength);
K.K, K, = hydraulic conductivity in the specified
coordinate direction {length/time);
h = aquifer head (length);
g = flow from or into the aguifer from out-
side sources or sinks (1/time);
S, = specific storage (1/length); and
t = time.

Equation (2) describes ground-water flow in a het-
erogeneous and anisotropic aquifer, and coordinate

a7

axes must be aligned with the major axes of hydrau-
e conductivity. For most problems, an analytical so-
Tution to equation (2) cannot be obtained, and
approximate methods of solution are used. A finite-
difference approximation to equation (2} using the no-
tation around aquifer block i,/,k as shown in figure
20 is (McDonald and Harbaugh, 1988)

¢
Rs,j-é,;;

oo (m_,_m”> mo_pm
* i-—%,j,k SRR h if.k +CC{+%,j,k(h Lk & i.j.k)

nt - mo ol i
(k R ;,J.k)*CRE_jf_{,k(h e i,j,k,)
3

[ ym ) ( m _pm
+CVE.1‘J:—%( Lk i *CV,-’_,-.M% BT el Lk

+CRIVi j,b (Rz‘.f,k “hmi.j,h) +Qijk

R
e 8 i.j,k(ﬂRjAC‘iAVk) [ .

3

where an example of the CR, CC, and €V coefficients
is

R 28CTR ; (TR jus ik
1T :
AT (TRf.j.:ARj+1)+(TRf.J'+x,JARj)

Here, CR is the harmonic mean of conductance at
hlock faces aleng rows, where

TR, ,, = transmissivity of block i,j,k along the
TOW;

AC, = block length along columns;

AR. = block length along rows;

AV: = block length along layers—similar ex-
pressions for conductances along col-
umns (CC) and layers (CV) can be
made;

CRIV,, = conductance of a riverbed or spring out-
let, where hydraulic conductivity
times river width times river length
divided by riverbed thickness equals
conductance;

R, .= river-stage or spring-outlet alfitude,
h = recharge or discharge (wells); and
i head at time step nt.

Tn the modeling process, an aquifer is discretized
into a number of blocks, and a set of algebraic equa-
tions similar to equation (3) is used to represent flow
into and out of each block. These equations are solved
simultaneously, usually using an iterating solution
technique to solve the flow equation (equation 2). The
large number of calculations requires the use of a

computer,
A&B 3411
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GRID AND BOUNDARY CONDITIONS

The castern Snake River Plain was subdivided are-
ally as shown in figure 21. Blocks within the model
boundary (active blocks) were assigned values of
transmissivity, storage coefficient, and recharge.
Rlocks ocutside the model boundary (inactive hlocks)
were assigned values of zero. The grid was aligned in
4 southwest to northeast direction fo minimize the
pumber of inactive blocks and to align the x-axis in
the principal direction of ground-water flow (pl. 4).
Point of origin of the model grid (southwest cornier) is
at lat 41°55'10.00", long 114°28'55.00". The Trans-
verge Mercator projection system was used with a
central meridian of 113°30'; the model grid waa ro-
tated 31°24' counterclockwise from the central me-
ridian. The grid used in the three-dimensional
model is parallel to that used in the two-dimen-
sional model, but the grid spacing is slightly
greater—4 mi in the three-dimensional model as
compared with 3.95 mi in the two-dimensional
model. An even-mile grid facilitated use of Landsat-
derived land-use data.

Horizontal and vertical boundaries of the active
part of the model were treated as specified flux and
along the Snake River as head-dependent flux. Re-
charge wells were used to simulate underflow from
the tributary drainage bagins (table 11).

i+l I k

i, ), k+1

Modified from McDonald and
Harbaugh (1988, fig. 3)

Figurs 20 —Tinite-difference notation sround aguifer block 2.7,k

REGIONAL AQUIFER-3YSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

The Henrys Fork, Snake, and Portneuf Rivers and
Salmon Falls Creek (pl. 1) were represented by river
blocks (head-dependent flux) within the modeled
area, as shown in figure 21. Model rows and eolumns,
along with river-stage or spring-outlet altitudes, ri-
verbed or spring-outlet conductances, and leakage-
cutoff altitudes are listed in table 18. River-stage or
spring-outlet altitudes were estimated from topo-
graphic maps; estimates of riverbed or spring-outlet
conductances were from two-dimensionzl modeling
results. The leakage-cutoff altitude is the level below
which leakage from rivers reaches a maximum value.
This level was arbitrarily set at 30 ft below river
stage along all river reaches and at the same altitude
as spring vents o0 make these blocks discharge areas.
The relation of river stage to aquifer head and how
that relation controls water movement between the
river and the aquifer are shown in figure 22. The rate
of river leakage is proportional to the difference be-
tween river stage and head in the aguifer until aqui-
fer head drops below a leakage-cutoff altitude. Once
the aquifer head drops below the leakage-cutoff alti-
tude, the river leakage ig constant and is no longer
head dependent.

The regional aquifer system was subdivided verti-
cally inte model layers as shown in figure 23. As-
signed layers were of equal thickness because
differentiation of the predominantly basalt aquifer
system into distinct geohydrologic units was not pos-
gible. Layer 1 represents the upper 200 ft of the agui-
fer system; layer 2 is the next 300 ft below. Layers 1
and 2 contain both Quaternary basalt of the Snake
River Group and Tertiary basalt. Layers 3 and 4,
however, are of lesser areal extent and are present
only where basalt of the Sneke River Group and
interlayered sedimentary rocks are greater than 500
£ thick. Layer 3 is 500 ft or less in thickness and is
present only across the central part of the plain.
Layer 4 ranges in thickness from 0 to about 3,000 ft
in the central part of the plain. The base of the mod-
eled system in the central part of the plain was esti-
mated largely from clectrical-resistivity soundings
and a few deep drill holes, Underlying layer 4 and
forming the assumed base of the regional aquifer sys-
tem are Quaternary and Tertiary silicic voleanic rocks
and Tertiary basalt.

Basalt thickness and generalized distribution of
rock types in layers 1 through 4 are shown on plate
5. Bagsalt is the dominant rock type in layer 1 in the
central part of the plain; mincr eccurrences of rhyo-
lite form isolated buttes in the central part and along
the northeastern margin of the plain (pl. B). Most
sedimentary rocks al &éﬁiﬂgdmy of the plain
are fine grained, excg 1 enrys Fork-Rigby

Fzn ares, the Fort Hall-Portneuf area, the Camas
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REGIONAL AQUIFER-SYSTEM ANALYSIS—ENAKE RIVER PLAIN, IDAHO

FupiE 18.—River-block locations, stoges, riverbed or spring-outlel conductances, leakage-
cutoff altitudes, and reach numbers

[Altitude, in fect, refers to distanee above sea level; row and column numhers shown in fig, 23]

Conductanee
{leakance
% river-

block area) Leakage- Reach
River (feet squared cutoff
Row Column alitude per second) altirude Number MName
1 3 2,600 0.134 2,600 1 Snake, Hagerman to
2 3 2,650 134 2,650 1 King Hill
3 3 2,125 134 2,725 1
3 4 2 800 134 2,800 1
4 & 2,900 134 2,900 1
5 5 3,050 40.0 3,050 1
6 4 3,050 40.0 3,050 2 Snake, Buhl to Hagerman
7 4 3,000 4010 3,000 2
8 4 3,060 40.0 3,080 2
9 B 3,100 1.3 3,100 3 8nake, Kimberly to Buhl
10 6 3,150 1.3 3,150 3
11 7 3,200 1.3 3,200 3
12 7 3,300 1.3 3,300 3
12 B 3,500 1.3 3,500 3
13 & 3,600 13 3,600 3
14 g 3,700 60.0 3,700 4 Snalke, Milner to Kimberly
15 9 3,850 60.0 3,850 4
15 19 3,850 60.0 3,850 4
16 1l 4,130 20 4,100 b5 Snake, Minidoka to Milner
16 12 4,130 20 4,100 5
16 13 4,130 20 4,100 5
17 13 4,130 20 4,100 5
17 14 4,130 20 4,100 8
18 14 4,130 20 4,100 &
18 15 4,130 20 4,100 &
17 16 4,130 20 4,100 5
18 16 4,130 20 4,100 5
17 17 4,130 20 4,100 5
7 18 4,160 20 4,120 b
17 13 4,190 2.0 4,160 6 Snake, Neeley to Minidoka
18 10 4,190 2.0 4,160 6
18 20 4,190 2.0 4,160 6
19 18 4,190 2.0 4,160 6
19 20 4,150 2.0 4,160 3]
20 21 4,180 2.0 4,160 B
20 22 4,100 2.0 4,160 6
20 23 4,180 2.0 4,160 6
20 24 4,200 2.0 4,170 6
20 25 4,240 2.0 4,210 6
19 26 4,355 0445 4,325 7 Snake, near Blackfoot to
19 27 4,355 0448 4,325 7 Neeley; A&3:3414
i8 28 4,355 0446 4,388 7 Pocatello to mouth
19 4,355 .0446 4,355 7

28
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PapeE 18.—River-biock locations, steges, riverbed or spring-outlel conductances, leakoge
cutoff altitudes, and reach numbers—Continued

ﬂﬂ.r

Conrhuctance

{leakance
% river-

block area) Leakage- Reach
River {feet squared cutoff
Row Columa altitude per second) altitude Number Name
18 29 4,358 (.0446 4,3B5 7 Snake, near Blackfoot to
17 30 4,380 0446 4,380 7 Neeley; Portneuf,
18 30 4,855 0446 4,355 7 Pocatello to mouth
17 31 4,380 11.0 4,380 T (continued)
18 31 4385 110 4,355 7
19 31 4,360 11.0 4,360 7
20 31 4,370 11.0 4,370 7
17 32 4,380 11.0 4,380 7
18 32 4,380 11.0 4,380 1
17 33 4,400 11.0 4,400 7
17 34 4,440 10.0 4,410 8 Snake, at Blackfoot to
17 35 4,475 10.0 4,445 B near Blackfoot
18 36 4,500 1.3 4,470 9 Snake, Shelley to at
16 37 4,530 1.3 4,500 9 Blackfoot
16 38 4,660 13 4,530 9
15 39 4 600 1.3 4,570 9
15 40 4,625 2.5 4,585 10 Spake, Lewisville to
14 41 4,700 2.5 4,670 10 Shelley
il 42 4,760 2.5 4,730 10
12 42 4,750 2.5 4,720 10
13 42 4,740 2.5 4,710 10
10 43 4,770 25.0 4,740 11 Gnake, Lorenzo to
11 44 4,800 25.0 4,770 11 Lewisville
12 45 4,860 2.8 4,830 12 Snake, Heise to Lorenzo
13 46 4,950 2.0 4 920 12
14 46 4,980 2.0 4,950 12
10 46 4,815 i 4,785 13 Henrys Fork, Ashton
10 48 4,810 i 4,780 13 to mouth
10 47 4,830 N 4,800 13
10 4B 4,860 i 4,830 13
10 49 4,910 N 4,880 i3
10 50 5,000 i 4970 13
B 3 3,200 1.34 3,200 14 Qalmon Falla

2 3,400 1.84 3,400 14

ooz o A T

Creck area, and the Big Lost River allvial fan. Sedi- | 2 are similar to those in layer,l, coarse- ained rocks

mentary rocks are thick along the Snake River up- | predominate in upper reachesA&@e% River and

stream from Milper. Henrys Fork, and fine-grained rocks predominate

o aver 2 extends beyond the northeast- | along the lower Snzke River and af the mouths of
T e Aot ooen A SITIE.L :
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Quaternary basalt

the central part of the plain. -

with relatively minor,
interlayered, fine-grained sedimentary rocks is con-
fined to the central part of the plain in layer 3.
Basalt as much as 3,000 £ thick dominates layer 4 in

EXPLANATION
v WATER TABLE

< DIRECTION OF WATER
MOVEMENT

C

River stage less

A + Leakage (river to aquifer)

D

River stage more
than agnifer head

¥ - Leakage (aquifer o river)

FiGURE 99 ~Helations among aquifer head, river stage, end

river leakage.

REGIONAL AQUIFER-SYSTEM ANALYSIS -SNAKE RIVER PLAIN, IDAHO

TRANSMISSIVITY, LEAKANCE, AND STORAGE COEFFECIENT

Model transmissivity was calcutated for each ac-
tive block using hydraulic conductivity for each yock
type (table 19) distributed by zones across the plain
(pl. 6), The thickness of each rock type in each layer
is ghown on plate 5. Hydraulic-conductivity valued
were calibrated (along with other model input param-
eters) to achieve an acceptable match hetween three-
dimensional steady-state simulated heads and
measured heads. Tsotropic conditions were agsumed
for horigontal movement of water. Previous efforts to
improve model fit using anisotropic transmissivities
indicated little evidence for regional anisotropy in the
ground-water gystem.

Hydraulic—conductivity values given in fable 19
were used to calculate transmissivities of layers 1
and 2. Transmissivity values for each block in a8 layer
were calculated by muliiplying the thickness of each
rock type for that hlock {pl. 5) by the rock hydraulic
conductivity {table 19, pl. 6) and adding all the indi-
vidual rock-type transmissivities to obtain the total
layer trapsmissivity. During model calibration, hy-
draulic-conductivity values given in table 19 were re-
duced by one-third for layer 3 and two-thirds for
layer 4 to secount for decreasing hydraulic conductiv-
ity with depth. Average transmissivity values for lay-
ers 1 through 4 are shown on plate 6. The range in
values of combined trangmissivity for all layers in the
three-dimensional model exceeded that for the two-
dimensional model because of finer Jefinition of aqui-
fer properties and greater vertical resolution of head.

Vertical flow in the regional aguifer system Wwas
gimulated as leakage between model layers. Vertical
leakage was calenlated using a jeakance parameter,
defined as the vertical hydraulic conductivity divided
by the distance between vertically adjacent blocks.
McDonald and Harbaugh (1988, p. 5—12) referred to
this parameter by the Fortran varizble name, Veont.
The leakance parameter was caleulated for model in-
put in the following manner:

1. Fach model block was gubdivided into identifi-
able rock-type subunits; for example, & block of layer
1 might consist of the following rock types and corre-
sponding thicknesses:

Rock type Thickness (feel)
Bagalt covveeeerreecinsnmmieses 100
Sand and gravel ... 10
DA ovesnreeerrnsrmsesersereeer 20
Clay and sA&B-341 20
Silicie voleanics ... 416 50
Total thickiess .o 200
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REQIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

TamLe 19—Hydraulic conductivities by rack fype, model layers

Iard 2

[Values in feet per second)}

Rock wype
Silicie
Sand Clay volcanics
Basalt and gravel Sand and silt {rhyalite)
Zone {x107%) (%1079 (%16} (%107%} (x167%)

1 0.062 11 0.11 2.3 7.8
2 5.5 0o .80 JiB 7.5
3 550 78 73 2.3 7.5
4 8 17 A7 156 1.5
b 803 110 1.1 2.3 1.5
6 24 47 .63 23 7.5
T 2.1 41 41 2.3 7.5
8 &6 140 1.4 .38 7.5
9 i 7.5 078 .75 7.5
10 5.7 110 L1 76 7.6
11 3.8 3.8 3.8 38 7.5
12 23 75 15 2.3 7.5
13 580 2,000 10 .38 7.5
14 1,100 1,900 1.9 2.3 7.5
15 11 71 AL .38 7.8
16 230 38 .38 2.3 7.5
17 61 330 .66 2.3 7.5
18 6 11 1.1 2.3 T.5
19 670 1,700 L7 2.3 .5
2€ 150 71 71 2.3 7.5
21 590 B3 .83 2.3 7.5
22 50 25 28 a8 7.5
23 120 83 83 2.9 7.5
24 440 83 B3 2.3 7.5
25 2.9 59 .b% 2.3 7.5
26 200 48 48 2.3 7.5
A 68 47 .62 2.3 7.5
28 3 58 58 2.3 7.8
25 1.5 31 R34 75 7.5
30 3.9 11 AL 38 7.5
31 1.8 26 .26 75 1.5
32 380 38 38 2.3 1.6
33 420 210 2.1 2.3 1.5
34 250 300 B0 2.3 7.5
35 66 140 66 58 1.5
36 600 1,600 600 7.5 7.5
37 16 16 .23 2.3 T.6
38 150 83 83 3.8 7.5
39 120 18 18 2.3 1.5
40 200 260 26 2.3 7.6

2. Vertical hydraulic conductivity for each rock-type
subunit was calculated by multiplying hydraulic-
conductivity values in table 18 by a model-calibrated
vertical-to-horizontal anisotropy factor (used across the
entire modeled area):

Rock iype Anisotrafyy factor (Ku/Kh)
Basalt v 0.01
Sand and gravel ........... 1
Sand .....cccancirimnnorarerne 05
Clay and silt . .05
Silicic volcanics ... 01

8. Vertical hydraulic conductivity for the block was
caleulated using the rock-type subunit values in an
equation for average hydraulic conductivity for a se-
ries of layers (Freeze and Cherry, 1979, p. 34)

Kym R, (4)
IDiE;
f=X

where
K_ ~ block vertical hydraulic conductivity,
D, = total block thickness,
D, = rock-type subunit thickness,
K, = rock-type subunit vertical hydraulic conduc-
tivity, and
n = number of rock-type subunits.

4. Leakance was calculated using a harmonic
mean between vertically adjacent blocks:

2(K21Kz2)
TTEab] D) ®
where
L = leakance between blocks 1 and 2,

., = block 1 vertical hydraulic conductivity,
K, = block 2 vertical hydraulic conductivity,

D, = block 1 thickness, and
D, = block 2 thickness.

The harmonic mean was used to caleulate leakance
between blocks because if either bleck were inactive
(K,=0), the caleulated leakance value would be zero
and a no-flow boundary would exist. Average
leakance values between model layers are shown on
plate 7. Between layers 2 and 3 and layers 3 and 4,
leakance was zero in some zones and a no-flow
boundary was specified.

Storage-coefficient values were calculated for layer
1 using the distributions of rock types shown on plate
5 and the specific-yiel NEIB:34 f@lows: basalt, 0,05;
sand and gravel, 0.20; sand, 0.20; silt and clay, 0.20;
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and silicie volcanics, 0.05. These values of specific
yield are consistent with the results frem aquifer
tests in unconfined sediments and basalts. The aver-
age storage coefficient for each zone in layer 1 is
shown in figure 24. Below layer 1, all layers are con-
sidered to be confined aquifers and are agsignaed a
storage coefficlent of 0.0001.

STEADY-STATE SIMULATIONS

The primary objective of steady-state three-
dimensional simulations was to calibrate aquifer
transmissivity, leakance, and riverbed or spring-out-
let conductance values such that the simulated heads
reasonably matched heads measured in 1980. Three-
dimensional modeling results generally were better
than two-dimensional results because simulation of
head changes with depth in recharge and digcharge
areas gave a more realistic representation of the re-
gional ground-water flow. The approach used in
steady-state three-dimensional simulation was to cal-
culate recharge to the regional aguifer system and
then to use this information (along with measured
heads) as a basis for calibrating the aquifer parame-
ters. Recharge for steady-state simulations was hased
on 1980 water-year data and wag distributed to each
block using the following expression:

i 142/

il )
= aby o me=tt [ESWkAkJ(i'j) *Riy A (8)
¥r

where
RB, = recharge rate for block (i) in feet per
second;
AB . = area of block (,f), in square feet;

(%]
SW, = recharge rate for irrigation area (k) (fable
5), in feet per year;
A = total acreage for irrigation area (k) in
block (,7), in acres;
Piy= recharge from precipitation in block (.7)
(table 12), in cubic feet per secend; and
AS,, = change in storage per unit time in block
(i), in cubic feet per second.

Snake River, Henrys Fork, and Salmon Falls
Creek gains and losses were gimulated using river
blocks (fig. 21). Other stream and canal lesses {table
10), tributary drainage-basin underflow (table 11),
and average ground-water pumpage in water year
1080 (fig. 25) were simulated as recharge or dis-
charge wella.

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

Mass-balance caleulations for steady-state simuls-
tions are shown in table 16. Each category of modek
flux {wells, recharge, river leakage) includes both
positive and negative values owing to the use of each
flux category for various components of aguifer inflow
and outflow. For example, wells were used to simu-
late underflow from tributdary drainage basins and
stream and canal losses, as well as outflow from irri-
gation pumpage.

A comparison of water-table contours based on
simulated heads (layer 1) with contours based on
measured water levels in 1980 is shown in figure 26.
Generally, simulated and measured heads (and,
therefore, direction of ground-water flow) are in close
agreement in the central part of the plain. Diiferences
wetween calculated and measured heads are gignifi-
cant along the margins of the plain; in the upper Ca-
mas Creek, Mud Lake, and Goose Creek areas; and
near the Snake River from Milner to King Hill.

The diffieulty in obtaining a good match between
cimulated and measured heads is due in part to
major changes in aquifer properties over short dis-
tances. The large block size of the regional model (16
mi?) also precludes simulation of small-scale, local
variations in head, especially where head gradient is
steep. In the Camas Creek area, gradients are steep
and the basalt aquifer is thin; consequently, simula-
tion wag difficult. The Mud Lake and Big Lost River
areas include shallow (perched} aquifers, which were
not simulated. Ground-water levels in the Goose
Creek area are declining as a result of pumping, and
the nonequilibrium (transient) condition eannot be
simulated accurately with the steady-state model.
Near the Snake River from Milner to King Hill,
changes in hydraulic conductivity over short dis-
tances cause local changes in ground-water levels
that eould not be simulated with the regional model.

Simulated head differences between layers 1 and 2
are shown in figure 27. Largest differences are in ma-
jor recharge and discharge areas along the margins of
the plain. In these areas, only layers 1 and 2 are ac-
tive in the model (pl. 5). Reasonable matches of simu-
lated and measured head changes with depth were
achieved in the Righy Fan area (neer Idaho Falls),
the Burley area, and the major discharge area in
Jerome and Gooding Counties. Although increasing
head with depth is indiczted in the area northeast of
American Falls Reservoir, most measured head dif-
ferences between layers 1 and 2 are 10 to 20 ft rather
than 5 ft, as simulated. Simulated and measured
head changes with depth also were difficult to match
in the Mud Lake and Big&%ﬂ ?ﬂ_g@reas, probably
hecause of the assumption of saturafed flow in areas
of perched water.
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TapLi 20,—(Comparison of published hydraulic-conductivity
values with those used in this study

[Values in feet per secand]
e

— e ———

Hydraulic ronductivity

(Frecze and Cherry, Table 19
Rack type 1979, p. 28} {this report)
Basalb orreeiienieerares 0.07-5x107 0.11-5.2»10°
Sand and gravel ... 3-1x103 0.2-7.5=10"
Sand ieeeeeerireeneins 0.03-3=107 0.06-7.5%10
Clay and silb ..ot Ex10-5-3x10- 2.9%10°-3.8x107
Silicic voleanies ... Bx10-4-2x108 7.5x10*®

The steady-state model was calibrated by adjusting
zonal hydraulic-conductivity values (table 19) and
river-block conductances (table 18) within reagonable
ranges, Rock-type hydraulic-conductivity values were
adjusted to achieve an acceptable match between
steady-state simulated and measured water levels
and spring discharges, and estimated river-leakage
values, Although several previous investigators
Mundorff end others, 1964; Norvitch and others,
1969; Newton, 1978) reported transmissivity distribu-
tions for the regional aquifer, areal hydraslic-condue-
tivity values shown in table 19 are the first to be
reported for this aquifer. To demonstrate the reason-
ableness of model values, a comparison between pub-
lished hydrauiic-conductivity ranges (Freeze and
Cherry, 1979, p. 20) and ranges used in this study for
transmissivity and leakance calculations (table 19) is
presented in table 20. Lowest values of hydraulic con-
ductivity are along the margins of the plain and in

" the Mud Lake area, where basalt is interlayered with
sedimentary rocks. Highest values are in the ceniral
part of the plain, where volcanic activity is most re-
cent and sediment interbeds in the basalt are few.

Riverbed or spring-outlet conductance values were
adjusted to provide a reasonable match between simu-
Jated and measured river leakage or spring discharges.
Conductance values along the Snake River are low
along the Hagerman-to-King Hill and Minidoka-to-
Milner reaches, and in the vicinity of Ameriean Falls
Reservoir, where 10W—hydraulic-conductivity lacustrine
deposits predominate. Conductance values are high
along the Milner-to-Kimberly and Buhl-to-Hagerman
reaches, where highly transmissive pillow lavas fill
ancestral Snake River canyons and control the loca-
tions of large springs.

TRANSIENT SIMULATIONS

The objective of three-dimensional transient simm-
lations was o evaluate the ability of the modsl to
simulate long-term changes in the regional aquifer

REGIONAL AQUIFER-SYSTEM ANALYSIZ—SMNAKE RIVER PLAIN, IDAFO

system. Evaluation consisted of comparing model re-
gults with 1890-1980 measured changes in water lev-
els and ground-water discharges. Initial head
conditious for transient simulations (fig. 28) were de-
rived from a steady-state simulation of estimated
preirrigation hydrologic conditions. Input for the
preirrigation simulation inchuded recharge from pré-
cipitation {fig. 9), siream losses (table 10), and river-
bed or spring-outlet conductances (table 18).
Preirrigation underflow was estimated by adding flow
to estimated underflow values in tabhle 11 to compen-
sate for upstream consumptive use.

The general configurations of the simulated
preirrigation watex table (fig. 28) and the March 1980
water table (fig. 26) are similar. As might be ex-
pected, the general direction of ground-water flow, in-
forred to be perpendicular fo equipotential lines, i5
the same on both maps. In nearly all places, the
preirrigation water table is lower than the water
table in 1980. However, near the mouth of the Big
Lost River valley, the preirrigation water table is
higher than the March 1980 water table owing to
greater tributary drainage-basin underflow before ir-
rigation in the valley hegan.

In places, the simulated preirrigation water table
was more than 200 fi below the altitude of the March
1980 water table. Preirrigation water levels were be-
low the bottom of layer 1 in the steady-state three-
dimensional model, Therefore, layers 1 and 2 in the
steady-state model were combined to form a three-
layer model for transient simulations. In the north-
eastern part of the modeled area (upper Camas
Creek area), the simulated preirrigation water table
was more than 500 ft below the altitude of the March
1880 water table. In that area, initial heads in the
transient model were modified so that they were 100
ft above the bottom of the layer. The three-layer
model with the modified initial conditions was nil-
merically stable during all transient simulations.

Eighteen B-year siress periods (time intervals dur-
ing which all external stresses are agsumed to be
constant) were used to simulate transient hydrologic
conditions from 1881 to 1680. Recharge from surface-
water irrigation for each block in the top layer of the
modal was caleulated for each stress period using the
recharge rates in table ¢ and the irrigated acreage
maps on plate 3. Total ground-water recharge from
surface-water irrigation for each of the B-year inter-
vals is shown in table 7. Recharge from surface-water
jrrigation and precipitation for the periods 1896—
1900, 1926-30, and 197680 is shown on plate 8. As
indicated in table 7, recharge from surface-water irri-
gation from 1891 to 19250 jenificantly but
Las remained relatively stable from 1926 to 1980, Av-
erage annual underflow from fributary drainage
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basins for the period 1891-1910 was caleulated using
basin-yield equations. Average annual underflow,
stream losses, and precipitation from 1911 to 1980
(table 13) were estimated from measurements for dif-
ferent periods of record. Average ground-water
pumpage was calculated using irrigated acreage
maps (pl. 3) and estimated crop censumptive irriga-
tion requirements (table 2) and is shown on plate 8
for the periods 1951-6¢, 196170, and 1971-80.

The configuration of the water table in 1830, based
on gimulated heads in layer 1, is shown in figure 29.
Comparison of figure 29 with plate 4 indieates that
water-level changes from 1930 to 1980 were small rela-
tive to changes that took place from preirrigation (g
28) to 19380. Changes in head from simulated

preirrigation conditions (fig. 28) fo simulated condi~

tions in 1950 are shown in figure 30, Heads in the
central part, of the plain increased about 50 to 100 ft.
Along the southern boundary of the plain near Twin
Fallg, simulated heads increased as much as 280 ft.
Large increases in head also were simulated in the
northeastern part of the plain (above Mud Lake) and
may be due, in part, to the initial head conditions used
in this part of the model. Although heads increased in
most of the plain, declines were simulated in the re-
gion near the mouth of the Big Lost River. Declines
likely were caused by decreases in underflow and river
infiltration owing to upstream consumptive use of wa-
ter for irrigation from 1890 to 1950 in the Big Lost
River drainage area.

Changes in the water table from 1950 to 1980
(fig. 31) were generally smaller than those from
preirrigation to 1950 (fig. 30). The model resulis in-
dicate some increases in head along the boundary of
the plain since 1950 and some declines in pumping
areas, such as in Jefferson, Bonneville, Power,
Minidoka, and Cassia Counties.

Comparisons of simulated and measured long-term
head changes reported by Mundorfl and others (1964)
are shown in table 21. Alihough these data are for
ihe southwestern end of the study area and cannot
be used as an indicator of changes elsewhere, the
agreement between measured and simulated head
changes is generally good.

Changes in simulated head are due primarily to
changes in input values of recharge, underflow, and
pumpage that were varied with time to simulate
changes in inflow and outflow. The simulated
changes in inflow and ocutflow during the calibrated
transient simulation are shown in table 22. The larg-
est flux components are (1) recharge from surface-
water irrigation, precipitation, and underflow; and (2)
river losses and gains. Major changes in hydrologic
conditions from preirrigation to 1850 were increased
ground-water recharge and discharge as spring flow.

53

After 1950, changes in recharge and discharge were
smaller, and the net change was a decrease in
ground-water storage, in part owing to a steady in-
¢creage in ground-water withdrawals. Simulated

changes in storage, river inflow, and river outflow ap-

proximated measured changes.

SENSITIVITY ANALYSIS

Modeling results discussed thus far represent the
calibrated three-dimensional simulations uvging the
deseribed estimates of aguifer properties and fluxes.
To determine model response to changes in various
aquifer properties and fluxes, model runs were
made for comparison with the calibrated run. The
model thus was tested for sensitivity to changes in
the input values of transmissivity, storage,
leakance, recharge, riverbed or spring-outlet con-
ductance, ground-water pumpage, and fributary
drainage-basin underflow, Each model parameter
was increased and decreased by 50 percent, with
the exception of leakance, which was increased by a
factor of 10 and decreased by a factor of 0.1. Pa-
rameter changes were applied uniformly across the
entire modeled area.

Results of the sensitivity analysis are presented as a
series of ground-water-level and river-gain/loss
hydrographs in figures 32-46 (see following "Refer-
ences Cited” section). Measured, calibrated, and sen-
sitivity-run hydrographs are included in each figure
for comparison. Differences between measured and
simulated heads for representative wells across the east-
ern Snake River Plain are presented in table 23, along
with the square root of the average sum of squares dif-
ference (a measure of the absolute deviations from mea-
sured heads) for each sensitivity run, average sensitivity
for the entire model, and average long-term head change.

Changes in model response owing to imposed
changes in transmissivity are shown in figures 32
and 33. Hydrographs based on measured ground-
water levels generally begin about 1850, after the
major ground-water-level increases resulting from
surface-water irrigation. Therefore, comparison of
simulated head changes (fable 21) with changes
based on field cbservations (reported by Mundorff
and others, 1964) is important in confirming ap-
proximate agreement of model results with actual
field data. Simulated heads determined by increas-
ing and decreasing estimates of transmissivity
bracket most measured heads. When transmissivily
was deereased by 50 percent, simulated heads aver-
aged 34 ft higher than tAo in the_calibrated run
(table 23). When transmi é‘?%' %'Qﬁrzreased by G0
percent, simulated heads declined an average of
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TanLe 21.—Reported and simuloted head changes

{Values in feet)

Measurcrent years and

reported head change
{(Mundorff and others,
1964, p. 162)

Well location

Span of years
for simulated
head change

68-13E- 6DD ..o 1801 and 1959 80 1900-60 118
83-15E-28BA ... 1909 and 1959 32 1910-60 35
T81BE-38 oo 1907 and 1959 40 1505-60 42
75-16F- B covrcvcvsvrnee 1807 and 1069 25 1905-60 3
55-16E-31 or 32 ... 1907 and 1959 35 18905-60 T4

68-17E- 2AB e, 1890 and 1852 70 18901950 87
8S-1TE-19BB1 ....iivies 1907 and 1954 44 18656-66 66
BR-18F-15CC ooovvver.. 1807 and 3959 118 180560 &7
48-19E-26TA1 e 1913 and 1957 19 191555 52
98- 19E-16AC v 1807 and 1959 92 1905-60 70
98-19E-26 ..oovovvricsrccenenr 1912 and 1959 62 1810-60 66
6S-20E-15DA wovvervvsrnrn, 1801 and 1959 141 1900-60 65
TS28F B e 1901 and 1959 55 1900-60 61
88.25E- 1CB1 ... 1901 and 1959 190 1900-60 58
G8-24E-20AA1 ...veeee. 1905 and 1951 42 1903-60 101
Average head change ... 70 66

about 23 ft (table 28). With higher transmissivities,
lower average heads and smaller water-table gradi-
ents are needed to move the same amount of water
to the major spring-discharge areas near American
Falls Reservoir and to the Spnake River from Milner
to King Hill,

Hydrographs for well 85-14E-16CBB1 (fig. 32)
show the opposite relation between simulated heads
and transmissivity. The well is in the extreme south-
western part of the study area, about 1 mi from the
Snake River and major springs. When transmissivity
upgradient from well 85-14E-16CBB1 was increased,
water levels in the well rose; when transmissivity
was decreased, water levels declined, This relation is
due to the inereased volume of flow toward the south-
west when transmissivities were increased, Although
increasing transmissivity resulted in lower heads re-
gionally, the model indicated that heads near the
southwestern spring-discharge arvea would rise. De-
creasing transmissivity cauged heads near the
springs to decline.

Model sensitivity to changes in transmissivity with
respect to ground-water flux to and from the Snake
River i shown in figure 33, Qpposing effects are ob-
served in the response curves for the Milner-to-King
Hill and Blackfoot-to-Neeley reaches. When transmis-
sivity was increased, ground-water discharge to the
Milner-to-King Hill reach increased and discharge to
the Blackfoot-to-Neeley reach decreased, When {rans-

missivity was decreased, discharge to the Milner-to-
King Hill reach decreased and discharge to the
Blackfoot-to-Neeley reach remained essentially the
same. The sensitivity of simulated aguifer heads to
transmissivity changes is nensymmetric. Head in-
creases were generally greater when transmissivity
was decreased by 50 percent than when they were -
increased by 50 percent.

Results of model-sensitivity analysis indicate that
decreasing transmissivity produced larger head de-
viations than increasing transmissivity. Both decreas-
ing and increasing fransmissivity resulted in larger
absolute deviations than those in the calibrated run.

Changes in simulated ground-water levels and flux
through the ground-water system in response to im-
posed changes in storage coefficient and leakance
were relatively small (figs. 34-37). Differences in
simulated head in response to imposed changes in
storage coefficients were most evident when head
changes were rapid owing to rapidly changing fluxes
(1890-1930). Differences became smaller as hydro-
logic conditions approached equilibrium (1930--1580).
This same result was observed on ground-water-dis-
charge hydrographs, where differences were most
pronounced during periods of changing flux. Heads
were higher by an avelR@BIIYB(table 23) when
storage coefficient was decreased by B0 percent;
heads were lower hy an average of 2 {t when storapge
coefficient was increased by 50 percent.
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TapLe 22.—Mass balance for the calibrated three-dimensional transient simulation

[Values in cubic feet per gacond]

Inflow Outflow
thharge
Change in fram Change in
groung- irrigation ground-
Simulation waley and River witet River
period storage Underflow precipitation losses storage Pumpage' gains
1891-35 &0 2,300 1,980 3,180 1,400 0 6,100
18961800 80 2,300 2,980 8,180 1,960 0 6,530
1901056 20 2,300 4,040 2,970 2,070 O 7,250
1906-10 10 2,300 4,640 2,480 1,660 0 7,770
1911-156 0 2,530 6,400 2,010 2,180 0 8,760
1916-20 0 2,530 6,600 1,680 1,550 0 9,250
182125 50 2,240 7,980 1,480 1,640 0 10,090
1926--30 40 2,240 7,570 1,420 800 0 10,1580
1931-35 500 1,710 6,620 1,650 370 0 10,020
193640 50 2,010 7.550 1,430 110 0 10,330
194145 0 2,660 7,310 1,390 790 0 190,560
19346-60 10 2,480 7,850 1,310 730 6 10,900
1951-b5 160 3,600 8,310 1,260 680 70 11,180
1856--60 80 2,900 8,550 1,180 500 870 11,300
1961-64 500 3,050 7,870 1,320 280 1,370 10,210
1966-70 30 3,430 8,280 1,290 580 1,370 11,070
197175 70 4,060 9,280 1,110 L1780 1,980 11,360
197680 1,010 3,110 7,320 1,310 60 1,980 10,710

Wge of ground water for irripation increased repidly after 1945, elthough the irmigation maps shown on plate 2
indicate no ground-water irrigation in 1645, Therefors, the author entimated pumpage during the 195185 siress period

o the hasis of the 1859 irrigation map.

When storage coefficient was gmall, ground-water
levels and discharge responded more rapidly to
changes in flux, as shown in hydrographs for the pe-
riod 18901930 (figs. 34, 35). When storage coefficient
was large, the aquifer was less responsive to changes
in flux in discharge areas (Milner to King Hill, fig.
35) than in recharge areas, such as the losing Snake
River reach from Heise to Blackfoot. These results
are due to the increased lag time for water-level
changes when storage coefficient was increased.

Simulated ground—water~level changes in responss
to imposed changes in leakance were small, averag-
ing 1 ft or less (fig. 36). Generally, heads increased
about 1 ft when leakance was multiped by 0.1, and
heads declined about 0.5 ft when leakance was multi-
plied by 10. Ground-water flux remained essentially
unchanged when leakance was decreased or in-
creased (fig. 37). Model insensitivity to changes in
leakance is due to the thickness of the upper model
layer (500 ft} and does not imply that there is no ver-
tHiea] movement of water within a single model layer
or from one model layer to another. The square root
of the average sum of squares difference was the

same or nearly the same for the calibrated model run
as it was for tested changes in storage coefficient and
Jeakance; the model was relatively insensitive to

changes in these parameters.

Changes in simulated ground-water levels and flux
in response to imposed changes in model recharge
are shown in figures 38 and 39. Generally, water lev-
els were higher and ground-water flux was greater
{except for the Heise-to-Blackfoot reach) when re-
charge was increased. When recharge was increased
50 percent, water levels rose un average of 26 ft;
when recharge was decreased the same amount,
heads declined an average of 82 fi. As was true for
transmissivity, a 50-percent change in recharge
brackets most of the measured water-level hydro-
graphs and also brackets most of the measured
ground-water-flux hydrographs. The losing reach of
the Snake River from Heise to Blackfoot (fig. 39) lost
more water when recharge was decreased. When
aguifer heads declined,ip te to reduced re-
charge, river leakage to Eqapgélésixcreased; the op-
posite was true in gaining reaches. The fact that
shsolute deviations for increased and decreased

rad



REGIONAL AQUIFER-SYSTEM ANALYSIS-—SNAKE RIVER PLAIN, IDAHO

st

3432

TL G ZE 96°0T - 91 e Le— Ot ¥a- 8- e §'1 % 30y L1pgurnog
19 88~ 9g L¥TT- 6&- e~ 0 L% 12 S %< og— et gr x X[y SIgRunog
¥9 6~ 78 Z8%- A - g1 Lias 9- PG gg- T g'T x adedumd 1eyem-BRNoLL)
69 6 e 9L'Y ¢l 01 1% 08— g Fo- 91— T =g % efadumd IS)RM-pUNOLD)
ol AT 0g 126 8- 61 ¥Z oA L FO- gL T g x 88udmnd 19jRM-PTEINOLD)
8¢ g- ov $U9- $3- a- 61 gp- i 0L~ ve- g x SOUEjONPUOD ISATY
8 g1 ¥1 1887 T LT B1 g1~ g ACIE TG % SRUBIONPUSY IRATY
&6 21 LE 01°'gg G A4S BG i ¥e ¥ T S Rt ede s
ge \ia ' 5¢] FLat- 6% oy |&- 08- - 09— gy T e Tt g % 931BY0ey
99 - ze ge- 81~ 0 91 LE= 1 76— og— e 01 x eouexes] Jaymby
Ly £ (83 10T 91— i 61 9g- 2- gg-  |I- TTTTTTTUUTTQ x sduedse] mepmby
£9 i £8 618 81~ 8- g1 L i 0g=  0g- TTTTTTTTTTT @ x juepiyeos selog
19 4 18 04T qT- v 0% 8- 1- 69~ e grgy X JUBTTIR0D B8E10)g
19 68— 1¥ [ dan o~ g8 1E- 09— 08— 88— e oo X AYTATESTOIRIIRL],
96 89 9g 8868 LT ¥ ¥6 G- A L et gofy % MTATSSTOISTIRAY,
39 VN (45 YN Li- T "1 FA & ag- BY— e [#PoTt pABIQIET)

1 21q® SpEay suosazdimos suny S{[M 10849 Tv4adgsd 18900 vadao THADGT I4oavel uny |2pop

U umogs prEnLs 30 1zqumu [Fpowt pue UOofiBAIIEqO ity -ABENL -dBT1-58 “HRENG -3 158 ~A65*NE

Sjjom 1G5 e ey e paIEIqIED 1oj

saduegd Aansuas PECEIERE {{g 8] EaY ERITENG) 4 de]
pEat sBeraay IZURIFIP peay Azl {13M NONRAIISY()

afeiaay peay geioay

afuroay

$PUaY PIIDINULIS PUD PIINSDIU UIIMIBY Se0uBLALIT—EY TV,

[e[qeorpdde qom g !498] UT S3U[BA]



GROUND-WATER-FLOW MODELING

recharge were larger than the calibrated deviations
(table 23) indicates that a closer comparison of simu-
lated and measured aquifer heads can be achieved by
further refinement of input data.

Changes in model response owing to imposed
changes in riverbed or spring-outlet conductances
are shown in figures 40 and 41. Ground-water lev-
els averaged 18 ft higher when conductances were
decreased by 50 percent and averaged 7 ft lower
when conductances were increased by 50 percent.
Effects of changes in conductance on water levels
are dependent on proximity of a well to the majer
ground-water discharge area between Milner and
King Hill. Simulated head in well 88-14E-16CBB1
(closest to the discharge area) increased more than
40 ft when riverbed or spring-outlet conductance
was decreased, whereas head in well TN-38E-
03DBA1 (farthest from the spring area) increased
only about 1 ft after 1960,

Total flux to and from the aquifer in all Snake
River reaches except Neeley to Milner increased
when riverbed or spring-outlet conductance was in-
creased. In the Neeley-to-Milner reach (fig. 41}, head
changes resulting from downstream changes in
ground-water discharge were greater than changes
resulting from local flux changes. As a result, fluoxes
in the Neeley-to-Milner reach were larger when
conductances were reduced and smaller when conduc-
tances were increased.

* Hydrographs for wells 3N-29E-14ADD1, 5N-34E-
gBDAL, and 4S-24E-6BBC1 show a reversal of head
relations between increased and decreased riverbed or
spring-outlet conductances. "This reversal was due to
initial head conditions used at the beginning of the
gimulation. Initial heads for all transient simulations
were caleulated using paremeters from the calibrated
model run. Therefore, initial heads were not in
equilibrium with the clianged parameter (in this case,
riverbed or spring-outlet conductance) and, at the be-
ginning of a transient simulation, heads changed in
vesponse to changes in both flux and initial head con-
ditions. In the northeastern part of the aquifer, heads
declined when conductance waa decreased, whereas
closer to the major springs, heads rose. As simulation
proceeded, heads rose in the entire modeled area and,
eventually, the hydrographs crossed.

Differences between measured and simulated
heads (table 23) were smaller when riverbed or
spring-cutiet conductance was decreased by 50 per-
cent than when conductance was increased by 50 per-
cent. The smallest difference between measured and
simulated heads for all the model rung was achieved
when conductance was decreased by 50 percent. This
reduction in model error is reasonahle hecause river-
S Ty e walles were oTigi-

b9

nally calibrated during steady-state simulation of the
four-layer model. Therefore, conductance values (de-
fined in equation 3) should be adjusted for the in-
crease in thickness of the upper layer in transient
simmulations. Because thickness of the upper layer was
increased from 200 to 500 fi, conductances should be
reduced to 40 percent of the steady-state values.

The reduction in riverbed or spring-outlet con-
ductance compensates for the averaged conditions
in the thicker upper layer in the three-layer model.
Overall, ground-water levels and ground-water dis-
charge were closer to measured values when con-
ductance was reduced.

Changes in model response owing to imposed
chenges in ground-water pumpage are shown in fig-
ures A2 and 43. Pumpage had no regional effect cn
pround-water levels antil after 1950, The simulated
effect of a 50-percent increase in 1980 pumpage wWas
an average head decline of about 5 ft. When pumpage
was decreased 50 percent, heads rose about & ft;
when pumpage was removed, heads rose about 9 ft.
Absolute deviations were similar to those of the cali-
brated model run (table 23). Effects of ground-water
pumpage on ground-water discharge to the Snake
River are shown in figure 43. The similarity of hydro-
graphs based on model-calibrated and measured wa-
ter levels indicates that pumpage estimates are
reasonable,

Model response to imposed changes in tributary
drainage-basin underflow (houndary flux) was similar
to model response to changes in aquifer recharge, al-
though the magnitude of change was smaller (figs.
44, 45), A 50-percent increase in tributary drainage-
basin underflow raised aquifer heads sbout 11 fi; a
50-percent reduction resulted in about an equal head
decline. Head changes at well 85-14E-16CBB1 were
smaller than average, owing to its proximity to major
gprings with constant head. Absolute deviations were
larger than deviations in the calibrated model run
(table 23).

Across the study area, the model was most sensitive
to changes in transmissivity and recharge. In major
spring areas, near American Falls Reservoir and along
the Snake River from Milrer to King Hill, the model
was most sensitive to changes in riverbed or spring-
outlet conductances. The importance of riverbed or
spring-outlet conductances as controls on aquifer head
decreased with increasing distance from spring-dis-
charge areas. The model was relatively insensitive to
changes in boundary flux and ground-water pumpage.
However, if these parameters are considered in con-
junction with recharge hARKBR4RFrmination is
eritical to proper simulation of the aquifer system. Of
relatively minor importance fo maodel response were
changes in storage coefficient and leakance.
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HYPOTHETICAL DEVELOPMENT ALTERNATIVES

The transient model was used to simulate agquifer
response to three hypothetieal development alterna-
tives that might take place by the year 2010: (1) con-
tiruation of 1980 hydrologic conditions and purneping
rates, (2) inereased pumpage, and (%) increased re-
charge. These alternatives are highly simpiified, and
a large number of plausible situations involving vari-
ous combinations of existing conditions and hypo-
thetical changes in pumpage and recharge could
develop. The purpose of testing development alterna-
tives was to evaluate general hydrologic trends that
might be expected should some or all of the alterna-
tives be reatized. Although testing of specific manage-
ment alternatives was not an ohjective of this study,
it is possible, with the calibrated model, to evaluate
the effects of water-management proposals on the re-
gional aquifer system.

Average annual mass-balance ealeulations for each
of the three hypothetical alternatives are shown in
table 24. Simulation of a contimation of 1980 hydro-
logic conditions and ground-water pumpage Was
hased on recharge and discharge calculations used in
the calibrated steady-state mode] digcussed earlier.
The simulation indicates possible changes in the
ground-water budget over the period 19802010 if re-
charge and discharge romain the same as in 1980.
The result is a gradual decrease in the release of wa-
ter from storage from about 8 percent of total aguifer
discharge in 1980 to about 1 percent in 2010. Accom-
panying declines i aquifer head from 1980 to 1985
and from 1980 to 2010 are shown on plate 10. The
results are consistent with head declines measured
during the 1980 water year. Simulation of a continu-
ation of 1980 conditions indicated that after 5 years,
water levels in the central part of the eastern Snake
River Plain would decline about 2 ft and, after 30
years, would decline 2 to 8 ft. The model indicated
that declines would be much greater in several areas
along the margins of the plain. However, these areas
are less accurately simulated than the central part of
the plain, owing to large changes in hydraulic con-
ductivity along the matgins, Consequently, confidence
in the magnitude of change along the margins of the
plain is lower. Changes in head would cause changes
in ground-water discharge and river leakage (fig. 46).
Generally, these simulated changes were small;
ground-water discharge (river gains) decreased about
5 percent and river leakage {losses) increased about 9
percent AcToss the modeled area (table 24).

Aquifer response fo inereased ground-water pump-
age also was cimulated. All potentially arable lands

(1,070,000 acres) shown in figure 47 were assumed to
— q T coan Birthar
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assumed that 1.6 acre-fi of water per acre {average
consumptive irrigation requirement on the plain)
were applied annually. The result was an average an-
nual increase of 2,400 ft¥/s in ground-water pumpage.
The model indicated that heads would decline 5 to 15
ft across the central plain within 5 years (pl. 10) and
would decline 10 to B0 ft within 30 years. Simulated
head declines along the margins of the plain were
greater but, because of model uncertainties, probably are
legs relizble. In addition to the large head changes, Tiver
leakage to the aquifer was increased by about 50 percent
and ground-water discharge was decreased by about 20
percent (table 24). ‘Although an increase in pumpage of
this magnitude is unlikely, this sipnulation fllustrates the
potential for large changes n aquifer conditions if
pumpage were increased substantially.

Aquifer response to increaged recharge was simu-
lated by adding an average annual B0O ft¥/s to 1880
base conditions. Norvitch and others (1969) simulated
an average increase in recharge of 500 ft¥s during a
study of potential effects of artificial recharge on the
regional aquifer. Results of simulations demongtrate
ihe usefulness of ground-water-flow models in evalu-
ating possible effects of artificial recharge. Recharge
was increased in four areas, model blocks (row-
column) 9-11, 16-37, 14-39, and 8-45, that were
used ams artificlal recharge sites in the study by
Norviteh and others (1969). Of the three hypothetical
development alternatives gimulated, increasing
recharge resulted in the least amount of change. Af-
ter 5 years of increased recharge, water levels in the
central part of the plain increased from 0 to 5 ft (pl.
10) and showed little additional change during the
next 25 years. These increases in head are similar to
those reperted by Norviteh and others (1969), which
ranged from less than 1 to more than 5 ft. Large de-
clines simulated along the margins of the plain likely
are due to poorly estimated underflow rates. In-
creased recharge decreased simulated leakage from
rivers to the regional aguifer by about 6 percent, and
spring flow (river gaing) remained pagentially the
game (table 24). This simulation indicates that in-
creasing recharge would have little regional effect on
hydrologic conditions, glthough in the immediate
area of application, ground-water levels would rise.

SUMMARY AND CONCLUSIONS

Flow in the regional aguifer system in the eastern
dnake River Plain is controlled largely by the Snake
River and its major AdkBadd3Most ground-water
recharge is from infiltration of surface water diverted
for irrigation and leakage from the Snake River and
its majer tributaries. A poorly defined but likely
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Tanie 24.—Average anmnual mase-balance calculations, 1980-2010

[Values in cubic feet per secend]

Pel

Inflow Quiflow
Recharge
from
Change in trrigatien Change in
Stmulaticn ground-watet and River ground-water River
period slorage Ungedflow  precipitation losses sLOTAge Pumpage gains
Contiunation of 1980 hydrologic conditions and pumpage

+1976-80 1,010 3,110 7,320 1,310 60 1,980 10,710
1981-80 690 2,740 7,670 1,369 8O 1,790 10,580
198690 480 2,740 7,670 1,380 10 1,790 10,460
199195 260 2,740 7,670 1,390 0 1,760 106,370
1996-2000 2580 2,740 7,670 1,410 & 1,780 10,300
2001-2005 220 2,740 1,870 1,420 0 1,790 10,260
2006-2010 170 2,740 7,670 1,430 ] 1,790 10,210

Pumpage increased by 2,400 17/

11976-80 1,010 3,110 7,320 1,310 60 1,980 10,710
19B1-85 1,990 2,740 7,670 1,580 20 4,150 9,820
1986-90 1,320 2,740 7,670 1,750 0 4150 9,330
199186 930 2,740 7,670 1,840 0 4,150 9,030
1996-2000 870 2,740 7,670 1,900 0 4,150 8,830
20012005 500 2,740 7,670 1,930 b 4,150 8,700
2006-2010 380 2,740 7,670 1,960 0 4,150 8,610

Recharge increased by 800 ft ts

11976-80 1,010 3,110 7,320 1,310 60 1,980 16,710
193186 540 3,640 7,670 1,250 320 1,790 10,880
198680 340 3,640 7,670 1,230 80 1,780 10,890
199195 260 3,540 7,670 1,230 20 1,790 10,870
19962000 200 3,540 7,670 1,230 10 1,790 10,840
200120056 160 3,540 7,670 1,230 0 1,790 10,810
2006-2010 189 3,540 7,670 1,230 0 1,790 10,780

1Galibrated model values included for comparison purposes.
small amount of recharge is from precipitation on the | tion began on large tracts of land after 1890. Water

plain; most precipitation on the plain is either evapo-
rated or transpired. Aquifer discharge is largely
spring flow to the Snake River and water pumped for
frrigation. Largest well yiglds are obtained from Qua-

ternary basalt; some sapd and gravel aquifers also

levels and ground-wa
1950 and have declined since,
of factors,
pumpage. Ground
response to recharge from

including

increased
_water levels fluctuate seasona
precipitation and surface-

ter discharge peaked in about
owing to & combination
ground-water
lly in

yield relatively large quantities of water. Older basalt
and rhyolite generally yield less water bt are impor-
tant aquifers in places. In some areas, clay and silt
lenges are coniining layers that impede vertical flow.
Repional ground-water flow is generally southwest-
ward, from major recharge areas in the northeast to
the major discharge area along the Snake River from
Milner to King Hill. Hydraulic-head changes with
depth are defined in major recharge and discharge
areas and wheré siit, clay, and unfractured crystal-
line basalt layers impede vertical flow. Ground-water
ne basall Maymn s = T water diacharge (largely.

water irrigation and pumping stress; they also fluctu-
ate in response to long-term climatic trends.
Two-dimensional steady-state, three-dimensional
steady-state, and three-dimensional transient simula-
tions were used to analyze the regional aguifer sys-
tom. The two-dimensional analysis incorporated a
nonlinear, least-squares regression technique o esti-
mate aquifer variables (or parameters). Major ag-
sumptions in the parsme timation analysis were
that ground-water flow iéﬁg’vﬁ ;sgggonal, and that
the ground-water system in 1980 was at steady state.
Across much of the eastern plain, flow in the re-
) a n e g s o dimgnsiunal.
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However, large vertical head differences were meas-
ured in major recharge and discharge areas and
along the margins-of the piain. Simulations indicated
that an average of 700,000 acre-ft of water per year
were removed from ground-water storage from 1976
to 1980, whereas 100,000 acre-ft of water were re-
moved from storage in 1980. The large average
. amount is undoubtedly influenced by the severe
drought in 1977, when more water probably was re-
moved from storage.

Sensitivity analysis indicated that simulated re-
charge, underflow, leakance, riverbed or spring-outlet
conductarce, ground-water pumpage, ground-water dis-
charge, and transmissivity are reasonahle and are the
most important determinants of model response. Stor-
age coefficients are less important because high trans-
missivities allow rapid head changes throughout the
regional system.

Historical records and results from transient simu-
lations indicate how changes in ground-water levels
dramatically change ground-water discharge.
Mundorff and others (1964, p. 162) estimated that an
average water-level rise of 60 to 70 ft from about
1910 to 1959 increased ground-water discharge along
the north side of the Snake River from Milner to
King Hill to about 2,500 ft%/s (1,800,000 acre-ft/yr).
Historieal records and results from transient simula-
tions also indicate & decreased amount of leakage
from the Snake River to the ground-water system
from Heise to near Blackfoot. These data ghow the
importance of understanding stream-aquifer relations
and how they change with time in response to devel-
opment stresses. Sensitivity analysis indicated that
aquifer heads are responsive to changes in riverbed
or spring-outlet conductance, particularly near the
Snake River.

The regional aquifer system in the eastern Snake
River Plain responds quickly and over broad areas to
changes in inflow and outflow, which include re-
charge from irrigation, stream and canal leakage,
tributary drainage-basin underflow, and ground-
water pumpage. Transtent simulations were made to
evaluate long-term regionai changes in aguifer heads
and ground-water discharge. For example, simulated
results indicate that the ground-water system re-
sponds rapidly to changes in pumpage. Historical
records of rapid water-level rises and increased
ground-water discharge are approximated by the
three-dimensional transient model results, which in-
dicates that the model can reasonably simulate the
regional ground-water system.

Tho transient model was nsed to simulate aqui-
fer changes from 13980 to 2010 in response to three
hypothetical development alternatives: (1) continua-
tion of 1980 hydrologic conditions, (2) increased

JE]

pumpage, and (3) increased recharge. Simulation of
continued 1980 hydrologic conditions for 30 years
indicated that head declines of 2 to 8 ft might be
expected in the central part of the plain. The mag-
nitude of simulated head declines was consistent
with head declines measured during the 1980 water
year. Larger declines were simulated along the
model boundaries, but these declines may have re-
culted from underestimation of tributary drainage-
bagin underflow and inadequate aguifer definition.
Simulation of inereased ground-water pumpage (by
2,400 ft¥/s) for 30 years indicated head declines of
10 to 50 ft in the central part of the plain. These
relatively large head declines were accompanied by
increased simulated river leakage of about 50 per-
cent and decreased spring discharge of about 20
percent. The effect of 30 years of increased recharge
(800 ft¥/sy was a rise in simulated heads of 0 to 51t
in the central part of the plain.

More and better data and continued model devel-
opment and testing are needed to further improve
understanding of the hydrologic system in the east-
ern Snake River Plain. Better definition of aquifer
hydraulic conductivity is needed, particularly along
the margins of the plain. Mass-flux estimates can be
improved by obtaining better estimates of surface-
water diversions, irrigation-return flow, streamflow,
and ground-water pumpage. To better define stream-
aquifer relations, data are needed on streambed hy-
draulic conductivities.
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Froure 41.—Hydrographs showing sinulated changes in ground-water flux to and from the Snake River in response to imposed
changes in RC {riverbed or spring-outlet conductances).
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APPENDIX A.—DHuersion and return-flow dala for water year 1980

This appendix lists 1980 water year diversion and resurn-flow
data and data sources for purface-water-irrigated arsas on the
eastern Spake River Plain. Areas shown in figure 7 include
surface-water-drrigated lands where diversion records are avail-
able. Scurces of data are the following:

Idaho Department of Water Resources (1580)

1.8, Geslogical Survey (1980)

V.8, Burean of Reclamation (writien commun., 1881)

Water Districts 37, 3TM (1980}

American Falls District No, 2 (written commun., 1981

Wytzes (1980)

Kjelstrom (1986}

Idaho Department of Water Resources {written commurn.,
1981}

Fmme op o8

The date-scurce identifier {a-h) iz used as u prefix in the follow-
ing tables for the irrigation areas

Irrigation Area 1-—Diversions from Falls River

Name Quantity (acre-feet)
Marysville Canal .o Y 32,900
Farmers Owi Canal i a 14,500
Yellowstone Canal i A 2,900
Orme Canalawwmnimn. peevsvre e a 800
Squirrel Creek .ot a 1,700
Boom Creek .o a 8030
Clomant Cresk i ssrsssssss s a ,000

TTOBEL +vrneesasnrncrossvrmpecssssimmssssrsssepamsssmmsnsianszsasinn §0,000

Bstimated sirface-return flows oo 21,200

Diversions minus surface return ... 38,800

Irrigation Aren 2.—IMuersions frem Henrys Fork, Falls River, and
Teton River

Name Quaniily (acre-feet)
BIIKEY . oeeervrerrecsirerimsmsrsnsirssars a 5,000
McBee a 500
Stewart ... a 3,000
TIOMBET 11 veserssisiescmrressarsrissasspressmarsaasespyssasarsnsninss a 1,600
Wilford .. 8 52,200
Parmers Friend oo a 33,600
Twin Groves....... 8 41,100
Pincock-Byingtom s a 4,200
Cross Cub .eveennn a 39,700
Fall BIVET wierreeriresmeremrsnsmsnees a 55,300
Chester ..., & 19,000
DL e sreerssarssesessmrns e spsammss s smasss s sy ineos a 5,400

Estimated surface-return FlOWS e

Tversions minus surface TEEUTTL orersivnrrars

REGIONAL AQUIFER-3YSTEM ANALYSIS SNAKE RIVER PLAIN, IDAHO

Irrigation Area 3.—Diversions from Henrys Fork

Name Quantity (acre-feet}
St. Anthony Unipm vt e a 165,100
Last CRATES (s iarsrsrmesressmsrr s sviars s & 30,800
FIBWEY v ervsraerinressmtssmmssssssismsstsmn s o pbiss s iisacar a 5,100
Independent..... a 90,700
8f, Anthony Union Feeder .o a 38,300
T A 112,100

TOLAL vavcreereeesisnsssseraniss s anansrvirs b stdnabe i bsasess 442,100

Tetimated surfaee-return fOWE .. 43,000

Diversions minns surface rofurn ..o 579,100

Trrigation Area 4—Diversions from Falls River, Henrys Fork, and
Teton River

Noeme Guantity {acre-feet)
Salem Union a 60,600
Roxana 8 4,400
North Salem a 1,900
Censolidated a 84,300
Curr a 14,5600
Enterprise a 20,300
Toton Irrigation w e a 24,500
Baurey—SOIMETS e a 4,600
Tsland WArd v eestosse s st ssins i 7,500
Taton Island Feeder.. a a2 300
Pincock—Gardner ... et 8 1,800
Roxhurg City ...oimmerersiminimmen a 5,000
Rexburg ITigation o simrsn s Y 52,400
‘Weodmanses—Johnson . a 5,400
Siddoway cweirenn & 1,200
MeCormick-Rowe .. a 400
Bigler Slough a 200
PUBLES -oesreneensrmmmssssrremssasrssmasssissrssssmmie B 400

Total 381,800

Frtimated surface-return flows .o 135,200

Diversions minus surface refurn ... 246,600

Surface-return flows for irrigetion areas 1-4 were estimated
wsing data reported by Wylzes {1980) for the 1977 water year.
Syrface-return flows were adjusted for the 1980 water year by
pssuming that the total streamflow depletion for irrigation areas

1-4 was equal o thensum of the depletions within the areas, as

n be caleulsted. Knowing the total of all
t the returns reporied by Wytzes (1980) by
“to equal the estimated total. Basin inflows

g 1,102,400
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Irrigation Avea 4.—-[Muersions from Falls River, Henrys Fork, and
Teton River-—Continued

Falls River at Squirrel ..coveonnioimssecenn g 5A(,400
Marysville Canal ... g 32,800
Yellowstone Canal g 2,800
Conant Creek .. g 61,800
Teton River near St Anthcny g 559,300
Moody Cresk ..ot e g 10,8600

TFotal (e e e e 2,320,600

Basin outflows (in acre-feet) for water year 1980 were

Henrys Fork near Rexburg ... resmarernrnse g 1,491,900
Rexbiirg Canal Arain ...ceivreeeesecemrererrrrmninnens g 10,100
TOLAL (v ss s cree e 1,502,000

Total diversions for areas 1-4 were 1,144,400 acre-ft. Total ve-
turns (in acre-feet) for areas 14 were

Surface
inflow Qutflow Diversions Returns
2,320,600 - 1,502,000 - 1,144,400 = -335800

Surface-return flows (in acre-feet) estimated from data reporied
by Wytzes {1980) were

ATBH b i e
Ared 2 e
ATea 3 e ern i
Area 4 .

Total ..oovciiee i

The common multiplier is caleulated as 325,800/02,000=3.54, aad
the estimated surface-return flows {in acre-feet) are

Area 1., 21,200
Area 2 111,900
Area 3 63,000
Ares 4 129,600

Irrigation Area 5.—Right-bank diversions from the Snoke River
from Heise to Lorenzo

Name Quantity (acre-feet)
Hill-Tettinger ......... a g0
Nelson-Corey ... & 1,700
Sunnydell ... Y 47,400
Lenrooh oo -4 41,600
REI covrmcormeeerreneisees a 58,500
Texas, Liberty PATK «.cerocrrersmmssnscrinassnmssreen a 79,100
Bannock JiM e s e a 5,200

TOEET woerrerrareescememeracerrseressmmeiscersinressmmssseacacens 233,800

a5

Trrigation Area 5.—Right-bank diversions from the Snake River
from Heise to Lorenzo—Continued

Surface-return flows:

Tezas Canal drain ... et ans g 19,100
Texas Slough .. g 77,200
Bannock Jim Slough g 8,800
Ty 105,100
Diversione minus surface return . 128,700

Irrigation Area 6.—Lefi-bank diversions from the Snake River
from Heise to Lorenzo

Name Quantity (acre-feet)
RALEY wovvermrensersscesseeeseessseeeeees s mrecssenseeeressesssmmmmeens g 5,100
ANAETEON oo i s epb s B 83,400
Eagle Rock g 135,400
Farmers Friend .........cciioiinenrnnnennrensnsersenns g 112,900
g 56,500
g 1,161,200
NEISOM ot sems ittt senear PR g 760
Mattaon—-Craig ... Vkberbs et et g 4,300
Pumps g 700
Willow Creek near Ririe..........oein T g 73,500
TOLAD o eeee e sessoersemeeseeeseseeenesseeeessreseens 1,693,700
Surface-return flows:
Dry Bed vt S g 174,500
SPring Creek v g 21,700
Emigrant Creek .o, g 1,400
Drain .. g 700
Anderson waste ... g 6,300
Sand Creek . g 6,700
Little Sand Creek g 8,500
Taylor ... . z 10,600
Henrys Creek g 11,100
Willow Creek ﬂusdway ....................................... g 8,600
TOLA]L v v s e rerorrrs e e e sesmer s 245,100
Diversions minus surface refurn ..o, 1,388,600

Irrigation Area 7,—Right-bank diversions from the Snake River
downstream from Lorenzo fo Shelley

Nome Quantity {acre-feet}
Butte, Market Lake v sveconesinnn a 71,600
Bear Trap .oceeereinn a 6,000
DBEO0T wririririreisnrereeereosess s v s s e e s e a 9,300
Clernents .cvrineecinnemnin 1 700
Kennedy ... a 3,500
Great Western .. a 126,300
Portet .ooeverrens. - a 80,800
Woodvitle .o - a 21,500
McKay S0uth s A&B 3459 & 600

Y S 320,300
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Irrigation Area T.—Right-bank diversions from the Snahe River
dowmnstream from Lorenzo to Shelley—Continued

Surface-return flows:

Great Western Waste oo C 400
Great WesterT WASEE Lot e ] 30,700
Oreat Wesfern WaBEE .ot sartrs ¢ 26,600
Butte, Market Lake rafurn oo C 7,200
TOEAT veriierrerecrssreserseriorrarrrsrrestscssiesnmasnssnsenens 63,800
Divergions minus surface refurn ... 256,400

Irrigation Area 8—Left-bank diversions from the Snake Eiver
from Lewiaville to Blockfoot

Nome Quantity (ccre-feet)
Idaho ... v ireaneresenstaranran a 285200
Snake Rlver valley [ a 198,000
Blackfoot et rtrasea et se s e aa e e S b SR TR ER R e a 111,500
Corbett ........ B 41,5600
Nlelsnn—Hansen - : 2,600
Sand Creek at Idaho Falls ................................. e 6,700
Little Sand Creek ab AmMmon ... ¢ 3,600
Taylor .. [ 10,600
Henrys Creek e ) 11,100
East Idaho Slough ............................................... ¢ 13,800

TOEAL vevvrerererremeeeirrmmrsensrisstmiresesnssssanarsrsssyssrmsnss 700,508
Surface-return flows:
Cedar Point to Reservation Canal .. e 2,700
Snake Biver valley weste to Reservation

Canal (estimated) .. 20,000
Band Creek to Reservatmn Oanal ..................... c 78,200
Tdahe Canal to Blackfoot Biver ...cvmrevvimrnn 30,600
Shull Lateral Waste e oo, € 2,200
End of Bast Idaho Slough into Blackfoot
River .couvverees e tet e beeete eI RO R s bea s An1en c 25,500

Corbett Slough waste Lo Snake River ... e 3,2a0
Blackfoot Canal waste to Snake River ... ¢ 10,200

TOLAL 1uvrrsermmsarsnsresemsesomsiesecrastssamssesssrrtnisssson 172,800

Diversions minus surface return ........ -~ 627,900

Irrigation Aren 9.—Diversions from the Snoke and Blackfoor

Hivers

Name Quantity (uere-feet)
Little Indian Creak .. i s £ 16,500
Fort Hall Main ... ¢ 178,900
Fort Hall North c 70,200

TTGEBY oo vrreeessrasnirermesrrvsrsrmssmsearsr s esrnrings s s 259,600
Surface-return flows:
End of Fort Hall Notth . ¢ 2,500
End of Gibson wemen. c 2,100

REGIONAL AQUIFER-BYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

Trrigation Area 8. —ZDiversions from the Sncke and Rlackfoot
Rivers—Continued

Teak Lateral to Ross Fark . c 890
Indian Y.ateral to Ross FDrL e w0
Ross Fork downstream frem Fort Hall Mam e 3,600
Tyhee waste to Ross FOTK oo visiire et e nnepemnes ¢ 13,000
Relder waste .. - e 2,000
Dubois Lateral waste e 2060
Tyhee Lateral waste ... c 2,000
Church Lateral waghe ... c 2,790
End of Fort Hall Main v e e 2,800

TGBAL 1oorsssee e eereeeeessssssssmsssssicesmesssrecrmmenes s - 32,500

Diversiong minus surface TebNIN v 22%,30¢

Irrigation Area 10.—Right-bank diversions from the Snake River
downsatream from Shelley to Blackfoot

Nome Quantity (acre-feet)
New Lave Side v o, a 35,200
Peoples .oimimarsais a 109,000
Aherdeen—Springfield ... a 312,000
Riverside ... # 33,600
DAnEKIN coneieiiesirireessrriesns et s s e e a 58,800
Trego a 17,700
Wearyrick ..o & 18,500
Watson ... Y 41,400
PEEBOTIS covveseasssvmmeeremestinsssnaneeseserssmiassssnssmrns snansanases 1 14,500
TORAY covvrereeresans searace resreret s eeeer e e ee 630,700
Surfoce-return flows:
Riverside waste ... bR oA enr e e e e eaeegaa e ¢ 15,600
Watson Slough waste . o 9,400
Peoples waste weeecinns 2 8,700
Puncan washe ..o ¢ 5,200
New Lava Side waste .o ¢ 4,500
PATBOIS WEABLE ovasvseeneeivsrimste e imsinssssosntsasassans sinans C 1,500
Crawford WATEE ..oeererrreresmmmesss i vstenerstiassmeresssnes . C 2,400
FOEEL svrersrnvrvcssssmrsrrsmesrssusanssssiemsas sassssrc raernnres 47,600
Diversicns minus surface return minus
canal loss (Aberdeen—szmgﬁeld) of
85,200 acre-ft.. - 487,900

Irrigation Area 11.—Lefi-bank diversions from Portneuf River

Narme Quantity (ocre-feet)

Fort Hall Michaud i, R e 30,600

Falls Irrigation c 28,200

Bannock Creek 54,600
TOEAL 11ecrmeesiremrrrssecmmr et cessnenen 108,400

Surfece-return flows: A&B 3460

Bannotk Creek ... i g 34,500
Diversions minus surface refurn ... 73,900
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Irrigation Area 12— Right-bank diversion from the Snuke River
at Lake Walcots

Quantity (acre-feet)

DAVATEIOIL vrevtieverecevieeeancvensiarssnsnaasess simsnsecrnseriasanenn a  385,00(
Surface-return flows g 47,400
Diversion minus surface reburi ... 338,500

Trrigation Area 13.—Righi-bank diversion from the Snake River

at Lake Milner
Quantity (acre-feet)
PHVETBIBI ovccesrcarerrmsrsiis i s essnicannneas R g 50,600
Surface-return flows oo, - E 1,706
Diversion minus surface retiern ..o, 48,800

Irrigation Area 14,—Righi-bunk diversions from the Snake River
ot Lake Milner

Nuome Quantity (acre-feet)
North Side Twin Fallg .o a 687,300
Neorth Side Crosscut—{ooding .o g 364,200
North Side “A” Lateral ...veene. . it 15,100
PA Lateral e . a 15,200
TOEAL +evsersesesererrsessaeeeeeeeess s cvssessesssssessessessess 1,084,800
Surface-Tetirn flows ..o, E 62,700
Diversions minus surfrce return ... 1,022,100

Irrigation Area 15.—Left-bank diversions from the Snuke River at

Lake Milner
Nome Quantity (ocre-feet}
South Side Twin Falls vnvirimeeeens a 1,080,200
Rock Creek g 25,000
Dry Craet .o [ g 9,008
Cedar Creek ... Jetheseee s T saen e ana s e nee e g 8,300
Cottonwood, MeMullen, Deep Creeks ... — g 15,000
TTOEAL 1rorssssseecesemeesessenmeesmeenens s rennssesepessereen 1,147,500
Burface-retrn flows i g 675,600
Diversions minus surface Teturn ... 571,900

Irvigation Aves 16.—Left-bunk diversion from the Snake River ot
Lake Milner

Quantity (acre-feet)

THVELEIDIL curerrus veririncsrmememesemetbssiessbssssnseressassses g 61,100
Surface-return flows e g 500
Diversion minus surface refurt oo e 60,600
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Irrigation Area 17.—Left-bank diversion from the Snake River at
Loke Walcott

Quantity (were-feet)

THYETBION wovvevcecvtestevimrisms e rcmrmceeeaes s cenam e presrnenaes a 312,300
Surface-return flows ... g 66,500
Diversion mirus surface refurn v 245 8200

Irrigation Area 1B.—Goose Creek diversion from Goose Creek
Reservoir

Quantity (dere-feet)

IHVersion .o, b 44,900
Surface-return flows 0
Diversion minus surface return ... 44,900

Irrigation Areas 19-26.—Milner—Gooding Cancl, Big Wooed and
Little Woad Rivers

Records of meassured flows in irrigation areas 19-26 are from
Whater Districts 37, 37M (1980), American Falls District No. 2
(written coremun., 1881), and U.8, Geolegical Survey (1880). The
approach was to sum the inflow and outflow for each irrigation
area and determine the difference. This appreach includes river
gnd canal logses and fisld seepage. The total flow consumed in
the basin was compared with the total consumed in six of the
eight subbasin areas.

Name Quantity (acre-feet)
Inflow:
Big Wood River downstream from Magic
RESEIVOIT 1vervrereerarerraeerrrzsermrenerats b 314,100
Little Wood River near Carey ... . b 140,600
Silver Creek at Sportsman Aecess ... b 114,100
Milner—Gooding Canal upstream from
Littls Wood River...vrenerrrmmmesm s b 335,400
X Canal v cmnerresee s i d 101,100
Total e 1,005,200
Outflow:
Big Wood River near Goeding ... b 202,200
Y Canal e e 14 47,600
K Canal et miisinsprassse s sesss s raren e d 22,200
Dietrich Canal ... d 56,700
TOLAL vevrvererer et ee s coerecrnisraearee s sassar s 328,700
Basin inflow minus basin cutflow ... 676,600

Total of subbasin censumption:

Inflow-Outflow
(acre-feet)

87,100

62,600
226,100
106,800
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Irrigation Areas 19-26,—AMilner—Gooding Cenal, Big Wood and
Little Wood Rivers—Continued

DB e seee e eeen e resns e 94,700
TOLa] i e s (86,500

686,5C0-676,600686,500x100=1.56 percent difference

Irrigation Area 19.-Sewth Gooding tract

Name Quantity (acre-feet}
Inflow:
Little Wood River at Shoshone .......couveeeeaee.. d 168,700
X Canasl .. S d 101,100
Big Wood Rwer near Goodmg No 5 d 69,300
Tobal e et [ 339,100
Outflow:
Big Wond River near Gooding No. 21 ,,......... d 202,200
¥ Canal v s preentrrrrren d 47,600
2 CHBAL i et s d 22,200
Total i e e 292,000
Inflow minug oubflow ..vecvercennae T 67,100

Trrigation Area 20.--North Gooding tract

Nome Quantity (acre-feet)
Inflow:
Head of North Gooding Main ... d 62,600
OUtflow wovvea e 0
Inflow minus cutflow v 62,600
Irrigation Avea 21.-—Shoshone tract
Name Quantity (acre-feet)
Inflow:
Big Wood River downetream from
Diversion No. § .. d 184,700
Milner-Guooding Canal duwustream E‘rom
Little Wood Biver.icsieicicciens d 193,300
Total ., bt s 358,000
- Outflaw:
Head of North Gooding Main ...oeenenenn d 62,600
Big Wood River near Gooding No. 9 v d 69,300
THEA] e s e 131,800
Inflow minus outflow .ciircnererrrreenens 226,100

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, TDAHO

Irrigation Area 22.—Lower Little Wood River

Name Quantity (acre-feer)

Inflow:
Little Wood River near Richfield, non-
irrigation seapon—estimated from

historical records .. 4 50,800
Little Wood River near Rmhfield
Irrigation BEABOT .. e d 65,400
JB Bleugh near Richfield ...ooviiviiiininien d 40,300
Marley Blough oo e d 20,300
Historic F~waste h 4,100
Milner-Gooding Cana.l upsi;ream fram
Little Wood RIVET vvovvicerecren s ssininens d 335,400
TOEAL et e e cres e s restes b e 525,500
Outflow;
Districh Canal No. 11 .. - d 66,700
Miiner-Qooding Canal downstream fmm
Little Wood River... d 193,300
Little Wood River at Shoshune ...................... d 168,700
TOtAL i erir s s e s 418,700
Inflow minus outflow ..vievneveieciiens 108,800

Irrigetion Area 23.—Dietrich troct

Nume Quaontity (acre-feet)
Inflow:
Head of Dietrich Canal .....oooverveeceemrossnrennenn. d 56,700
Milner—~Gooding diversion ......erinioseeenn. e 16,600
111 ) 73,300
Outflow:
Higtoric FawWaste uieiereveieeriemsireerenrsrsresssssnns h 4,100
Inflow minus cutflow ....cooeveevirsren e 69,200

Irrigation Area 24.—Hunt tract

Quantity (acre-feet)

ENTLOW .o cvmensessrnccoiee e r b e ennnesesnenne e 36,000
Outflow . 0
Inflow minus ouHEW e 36,000

Irrigation Area 25 —Richfield tract

Nume Quantity (acre-feet)
Inflow:
Heand of Richfleld Canal......c..ivvonmesiiinnnrns d 159,300

A&B 3462
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Irrigation Area 25.—Richfield tract—Continued Irrigation Ares 26.—Silver Creek, Upper Litile Wood River
diversions
Dutilow:
JB Slough near Richfield i d 40,300 .
Marley SI0UgH ooverersrreri 4 90,800 Name Quantity (acre-feet)
Sum of miscellaneots Wastes co h 4,000 Inflow:
’ 64 600 Silver Creek at Sportsman Access ... b 114,100
TOtal ........................................................... 8 Little Wood River near C&I‘ey e arorenas b 140,500
Inflow mMinus OUEFOW e e 94,700 Taba] oveeraesirmemesrrrneresermemare ressntessasusssassaesrens 264,600
Cutflow:
Little Wood River near Richfield, non-
trrigaiion season--ostimated from
historical records .. vecmm i 60,000
IrTigation BEASON vt s irains d 85,400
TOLAL 1ovvevrereerstessssrasseessrenessiesssssssimssssasrecns 195,400
Inflow minne outflowW o 129,200
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This zppendix lists ground-water recharge-rate calculations for 6-yea

from 1628 to 1980,

Arvenoix B —Ground-weter recharge

r intervals

1928-30
average Diversion— 1929 Evapotran-
diversion refurn acreage spiration ~ Recharge
Area  f(thousands  Percent  (thousands (thousands (feet rate (feet
No. of acre-feet) return  of acre-feet) of acres) per year) per year}
1 82.37 35 21.04 3.95 1.0 4.33
2 268.83 33 180.12 37.17 1.1 3.6
3 414,30 14 156.80 38.50 1.2 8.056
4 341.60 43 194.71 47.49 1.3 2.80
5 104,33 52 93.18 17.39 1.3 4.06
4] 1,538.40 13 1,338.41 134.73 1.3 8.68
7 348.43 20 278.74 70G.82 1.3 2.64
g 593.10 20 474,48 92.97 1.3 3.80
9 M 20 63.71 15
10 586.07 20 468.86 143.69 1.5 1.76
11 O] 20 41 1.6
12 515.60 12 453,73 79.45 1.6 411
13 (1} 3 3.61 1.6
14 1,205.23 7 1,1.20.86 284.40 1.6 2.34
15 1,310.97 a4 865.24 2097.49 1.6 i.a1
16 34.00 1 33.66 6.94 1.6 3.25
17 317.00 18 259.94 50.84 1.8 1.62
18 36.33 0 35.23 16.30 16 BT
19 Q] 41.47 1.6
20 Q) 13.75 1.6
21 * 6.01 1.6
22 M 9.12 1.6
23 M 17.16 16
24 Q] 5.63 1.6
25 M 19.65 1.6
26 §3.37 30.10 1.8 1.50
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Apppnnix B.—Groznd-water recharge—Continued

e et

1931-35
average PDiversion- 192945 Fvapotran-
diversion return acresge spiration Recharge
Area (thousands  Percent (thousands (thousands {feet rate (feet
No. of aere-feet) veturn  of scre-feet} of acres) per year) per year}
1 23.80 35 15.34 4,45 1.0 2.45
2 233.24 a3 149.67 37.38 11 2.90
3 403.18 14 346.72 39.61 1.2 7.55
4 405.22 43 © 11398 45.46 1.3 2.53
5 170.56 52 £1.87 25,19 1.3 1.85
6 1,399.22 13 1,217.32 135.83 1.3 7.66
7 304.28 20 243.41 72.73 1.8 2,05
8 567.52 20 454.02 93.45 1.3 3.668
9 " 20 §81.95 15
10 538.68 20 466.94 159.21 1.5 1.43
i1 ™ 20 21 1.5
i2 418,50 12 368.28 B4.11 1.6 2.79
‘ 13 * 8 5.27 1.6
14 1,066.60 7 982.64 205.09 1.6 1.73
15 1,257.92 34 £30.23 267.056 1.6 1.51
16 37.24 1 36.87 12.85 1.6 1.27
17 308.98 13 263.36 75.62 1.6 1.75
18 26.66 0 26.66 15.58 1.6 A1
19 M 30.49 1.6
20 28.90 20.81 1.6 i
21 ] 21.10 1.8
22 ) 6.714 1.6
23 44.08 15.05 1.6 1.33
24 Q) 3.87 1.6
25 63.05 21,12 1.6 1.39
26 87.08 26.37 1.6 2.08
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APPENDIX B.— Ground-waeter rechorge—Cantin ued

————————————

s

193640 Average
average Diversion-~ 192945 Hvapotran-
diversion return sereage gpiration Recharge
Area (thousands Porcent {thousands {(thousands {fest. rate (feet
No. of acre-feet)  refura of acre-feet of acres) per year)  Per vear)
H__"__r_f_r_—//____/__,_!—’—*— e
1 36.22 35 23.54 445 1.0 4,29
2 263.00 33 176.21 37.38 11 3.61
E] 432.56 14 a72.00 30.61 1.2 8.19
4 351.84 43 200.565 45.46 13 a1l
b 194,84 5% 93.52 25.19 1.3 2.4%
6 1,485.64 13 1,292_5i 136.83 1.3 8.22
T 352.32 20 281,86 72.73 1.3 2.58
8 £50.28 20 520,22 83.45 1.3 427
9 ™ 20 G1.95 1.8
10 625.52 20 500.64 158.21 1.5 1.64
11 ™ 20 21 1.5
12 473.72 12 416.817 84.11 1.6 3.36
13 ) 3 5.27 1.6
14 1,176.88 T 1,094.292 266.09 1.6 211
15 1,269.80 34 BaB.07 267.06 1.4 1,64
14 41.48 1 41.05 12.88 1.8 1.59
17 345.08 18 282,97 75.62 1.6 2.14
18 33.14 0 33.14 15.58 1.6 5a
19 10%8.04 39.49 1.6 1,14
20 46.88 20.81 1.6 65
pal 160.06 21.10 1.6 5.99
22 94.52 6.74 1.6 12.42
23 55.60 15.04 1.6 2.10
24 "} 3.87 1.8
25 77.54 21.12 1.6 2.07
26 87.88 26.37 1.6 2.11
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Appenpi B.—Ground-water recharge—Continued

104145
average Divergion- 1945 Evapotran-
diversion return acreage spiration  Recharge
Area (thousands  Percenmt (thousands  (thousands {feat rate (feet
No. of aere-feet) return  of ncre-feet) of scres) pes year) per year)
1 43.84 35 23.50 4.95 1.0 4.76
2 272.90 33 182.84 37.58 11 3.17
3 418,82 14 360,18 40.71 1.2 7.85
4 334.98 43 190.84 43,42 1.3 3.10
5 185.22 62 88.01 32.98 1.3 1.40
6 1,449.26 13 1,260.86 136.92 L3 7.91
7 357.98 20 286.38 74,64 1.3 2.b4
8 625.44 20 500.36 93.93 1.3 4.03
] ® 20 60.18 15
10 656.64 20 525.31 174.73 1.5 1.51
i1 ) 20 0] 1.8
12 433.98 12 3B1.90 83,76 1.6 2.70
13 &) 3 8,93 1.6
14 1,218.04 7 1,132.78 305.78 16 2.10
15 1,233.90 34 814,37 236.61 1.6 1.84
16 45.24 1 44.79 18.15 1.6 79
17 319.60 18 262.07 70.838 1.6 212
18 45.36 a 46.36 14.86 1.6 1.45
19 87.84 37.50 1.6 74
20 53.96 27.86 1.6 .34
21 171.68 36.19 1.6 3.14
22 119.72 4.36 1.8 25.86
23 64.00 12.93 1.6 3.35
24 * 2.1¢ 18
25 87.20 2259 1.6 2.26
26 80.66 22.63 1.6 1.96
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Arpenoix B.—Ground-water recharge——Continued

1946-50
average Diversion- 1945 Evepotran-
diversion return acresge gpiration  Recharge
Area  (thousands  Percent (thousands  (thousands {feat rate feet
No.  of acre-feety  return  of acre-feat) of acres) per year}  per yesr)
1 56.60 35 36.79 4.95 1.0 §.43
2 286.186 34 181.73 37.68 1.1 4.00
3 431.88 14 37142 40.71 1.2 7.92
4 342,10 43 195.00 45.42 1.3 3.19
5 201,32 52 D6.63 32.98 1.3 1.63
6 1,496.36 13 1,301.83 136.92 1.3 8.21
ki 412,40 20 329,02 74.64 1.3 3.12
8 669.48 20 535.58 3.93 1.3 4.40
] () 20 60.18 1.5
10 700.64 20 560.51 174.73 1.5 1.71
11 ) 20 1] 1.5
12 440.24 12 387.41 88.76 1.8 2.76
13 ™ 3 6.53 1.8
14 1,278.98 7 1,187.58 305.78 1.6 2.28
15 1,263.60 34 833.98 236.61 i.5 1.92
i6 52.64 1 52.09 18.75 1.6 1.18
17 351.54 i8 288.28 70.39 1.6 2.50
18 41.58 ¢ 41.58 14.88 1.6 1.20
19 96.40 37.50 1.5 97
20 58.46 27.86 1.6 .60
21 189.92 36.19 1.6 3.65
22 105.48 4.36 1.6 22.59
23 69.10 12.83 1.6 3.74
24 * 2,10 1.6
25 98.36 22.69 1.6 2,75
26 102.26 22,63 1.6 2.92
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Apppnpix B.—Ground-water recharge—Coniinued

[

Area
No.

186156
average Diversion— 1959 Evapotran-
diversion return acreage spiration  Recharge
(thonsands  Percent tthousands  (thousands (fect, rate (feet
of nere-feet)  retmrn  of scre-feet) of acras) per year)  per year)
65.82 a5 42.78 28.87 1.0 0.44
287.16 33 149.10 39.04 11 4.00
447.40 14 354.76 28.31 1.2 12.39
362.06 43 206.37 86.81 1.3 4.31
218.66 52 104.96 22.80 1.3 3.80
1,584.54 13 1,378.65 126.38 1.3 .61
420 44 20 343.55 78.73 1.3 3.08
686.70 20 549.36 94.91 1.3 4.49
Q) 20 64.00 Lb
725.62 20 550.60 147.04 1.5 2.45
(" 20 20.45 1.5
450.08 12 396,07 80.62 1.8 3.32
™ 3 29.60 1.6
1,319.82 7 1,226.87 190.77 1.6 4.83
1,305.78 34 B61.B1 256.22 1.6 1.76
57.26 1 56.69 4.15 1.8 12.06
364.40 18 208,81 60.98 1.6 3.50
43.38 i 43.38 19.38 1.6 .64
B6.40 28.53 1.6 1.43
61.72 1B.06 1.6 1.8%
236.12 £9.37 1.6 5.44
100.92 11.87 1.8 5.83
74.84 23.66 1.6 1.56
Q] 2431 1.6
9893 26.48 1.6 2,14
59.42 . 22.88 18 2.30
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APPENDIX B —(round-water recharge—Continued

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDATIO

195660
average Diversion- 1959 Evapotran-
diversion return aAcreage gpiration Reeharge
Area  (thousands Porcent (thousands  {thousands (feet rate (feet
Ne.  of acre-feet) return  of acre-feet) of acres} per year) par year)
1 70.68 35 45.54 28.67 1.0 0.55
2 334.62 33 224.20 39.04 1.1 4.64
3 471,32 14 408.34 28.31 1.2 13.12
4 383.08 43 218.34 36.81 13 4,83
5 241.18 52 115.77 22.80 1.3 3.78
6 1,646.24 13 1,432.23 126.38 13 10.03
7 453.54 20 362.83 78.73 1.3 L)
3 710.08 20 £68.06 94,91 1.3 4.69
g (M 20 64.00 1.5
10 755.84 20 604,75 147.04 1.8 2.61
il 63.28 20 50.61 20.45 1.5 .97
12 460.22 12 404.99 80.52 16 3.43
13 53.36 3 51.75 28.60 1.6 .15
14 1,294.20 7 1,203.61 190.77 1.6 4.1
18 1,264.88 34 828.22 256.22 1.6 1.63
16 63.54 1 62.90 4.1b6 1.6 13.56
¥ B67.44 18 301.30 60.98 1.6 §.34
18 3B.B8 0 38.88 19.35 1.6 41
13 03.86 28.53 1.6 1.69
20 60.80 18.06 1.6 1.77
21 275.78 29.37 1.6 779
22 a0.20 11.97 1.6 5.94
23 69.12 23.66 1.6 1.32
24 ) 24.31 1.6
25 96.74 26.48 1.6 2.05
26 67.42 22.93 1.8 1.34

A&B 3470



APPENDIXES A

AppEnnix B—Cround-weter recharge—{Continuad

1961-65
average Diversion- 1966 Evapotran-
diversion return acreage epiration  Recharge
Area  (thousands  Percent  (thousznds  (thousands (feet rate (feet
No,  of anrefest) return  of acre-feetl) of acres} per year)  per yzar)
1 56.70 a5 36.86 21.56 i.0 0.71
2 324.26 33 217.25 29.81 1.1 4.28
3 489,90 14 30551 42.78 1.2 8.08
4 365.5% 43 208.35 62.45 1.3 2.04
5 258.78 52 124.21 57.87 1.3 85
B 1,497 28 13 1,302.63 138.30 1.3 8.05
7 37158 20 297.25 81.56 1.2 2.34
8 667.54 20 534.03 100.28 1.3 4.02
9 * 20 £0.09 1.5
10 676.82 20 541.48 153.87 1.5 2.02
11 82.64 20 66.11 35.13 1.5 .38
12 418.56 12 368.33 94.68 1.6 2.29
13 52.42 3 50.85 32.48 1.8 0
14 1,140.46 ki 1,060.63 229,41 1.6 3.02
15 1,201.90 34 793.25 276.86 1.8 1.27
16 57.84 1 57.28 2.94 146 17.88
17 343.10 18 281,84 57.09 1.6 3.38
18 42,20 i} 42.20 8.39 16 343
19 87.88 28.19 1.6 1.52
20 58.58 20.30 1.6 1.29
21 223.84 17.96 15 10.86
22 123.24 g.14 1.6 19.54
23 74.02 17.08 1.8 2.73
24 33.40 17.75 1.6 28
25 86.60 20.27 1.6 2.87
28 71.74 18.82 1.6 2.21
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Arpennix B—Ground-water recherge—Continued

1866-70
avorage Biversion- 1966 Evapotran.
diversion retTn acTeage spiration  Recharge
Area  (thousands  Percent  (thousands  (thousands {feet rate (feet
No.  of acre-feet) return  of acre-feet) of acres) per ¥ean)  per year)
1 59.88 35 38,91 21.56 1.0 0.80
g 341.90 33 929.07 39.61 1.1 458
3 453.82 14 390.29 4275 1.2 7.93
4 376.64 43 214.68 62.45 1.3 .14
] 300.84 52 144.40 57.87 1.3 1.20
8 1,611.22 13 1,401.76 189.30 1.4 8.76
7 379.08 20 308.26 81.56 1.3 2.42
8 702.48 20 561.98 100.29 13 4,30
g ¢} 20 50.09 1.5
10 736.10 20 5B8.88 153.67 1.5 #.33
11 108.30 20 86.64 35.13 1.5 87
12 470.48 12 414,08 94.68 1.6 .17
13 52.42 3 50.85 32.48 1.6 ]
14 1,290.72 7 1,200.37 220.41 1.6 3.63
15 1,274.34 34 841.06 276.56 1.6 1.44
18 65.74 1 65.08 2.94 1.8 20.54
17 367.26 18 301.16 57.08 1.6 3.68
18 34.02 Q 44.02 8.39 1.6 2.45
19 83.10 24.19 1.8 1.35
20 61.68 20.30 18 1.43
21 248,64 17.96 1.6 12.24
22 132.30 9.14 1.6 12.87
23 66,32 17.08 i6 2.28
24 32.38 17.78 1.6 22
25 106.30 20.27 1.6 3.64
26 81,48 18.82 1.6 2.73
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ApPERDE B.—Ground-bater recharge—Continued

1971-75
average Diversion- 1879 Evapotran-
diversion return RCrBAge spiration  Recharge
Area  (thousands Percent (thousands (thousands {feet rate (feet
No. of aere-foet) return  of rere-feet) of ecres) per year}  per year)
1 60.88 a6 39.587 0 1.0
2 337.12 33 225.87 35.82 1.1 5.18
3 427.34 14 367.51 31.15 1.2 10.60
4 382.44 43 217.99 20,02 1.3 6.21
5 2681.34 52 126.48 24 64 1.3 3.7%
8 1,774.38 13 1,643.71 123,42 1.3 11.21
7 398.10 20 318.48 75.31 1.3 2.93
8 751.16 20 600.88 105.84 1.3 4.38
9 ] 20 38.77 1.5
10 740.14 20 592.11 103.88 1.8 4,20
11 107.28 20 B5.82 39.69 1.5 .66
12 443.92 12 390.65 85.78 16 2.85
13 51.44 3 49.90 23.41 1.6 .53
i4 1,21092 7 1,126.16 171.72 1.6 4.96
15 1,165.84 34 769.45 222.04 1.6 1.87
16 62.04 1 61.42 19.33 1.6 1.58
17 352.04 18 288.67 48.82 1.6 4.31
18 70.22 0 70.22 ] 18
19 68.47 27.81 1.6 .B&
20 G5.50 17.71 1.6 2.10
21 307.68 33.42 1.8 7.61
22 100.72 8.00 16 10.09
23 80.06 18,78 1.8 3.48
24 41.58 16.45 1.6 03
25 123.60 91.47 1.8 2.26
26 111.86 24 .85 1.6 2.80
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AppENDE B.—Ground-water recharge—Continued

1976-80
average Diverpion- 1979 Evapotran-
diversion return atreage spiration Recharge
Area  (thousands  Percemt (thousands  {thousands (feet, rate (fect
No. of acre-feet)  return  of acre-feet) of acres) per year)  per yeax)
1 58.34 35 31.02 i, 1.0
2 302.06 33 202.88 35.82 11 4,65
3 367.90 14 316.28 31.1% 1.2 8.96
4 2h8.06 43 147.08 29.02 1.8 377
il 229.R6 52 110,33 24.64 1.3 3.18
i} 1,379.10 13 1,199.52 123.42 i3 B.42
7 355.84 20 284.67 75.31 1.3 2.48
8 695,74 20 556.59 105.84 1.3 3.96
9 259.60 it 207.68 38.77 1.8 3.86
10 657.80 20 5258.24 103.88 1.5 3.57
11 112.88 20 80.30 30.69 1.5 18
12 391.12 12 844,19 85.78 1.6 2.41
13 52.08 3 50.50 23.41 1.6 B6
14 895,84 7 926.13 171.72 1.6 3.79
16 1,116.12 34 736.64 222.04 1.6 1.72
16 62.54 1 6191 19.33 1.6 1.80
17 297.38 18 243.85 48.82 1.6 3.39
18 38.12 0 38.12 0 1.6
19 62.58 27.81 16 .66
20 57.04 17.71 14 1.62
21 209.58 33.42 1.6 4.67
22 77.94 8.00 1.6 8.14
23 62.14 15.76 1.6 2.34
24 32.48 14.45 1.6 37
25 80.04 81.47 14 1.26
26 108.68 24 .85 1.6 277

Ravordr unavailabla,

A&B 3474



APPENDIXNS A F101
Arpenpix G —Soils

This appendix lists selected information from the general soils map (1.8,
Soil Cunservation Service, 1976} used to estimate recharge to the ground-wa-
ter system. Soils were generalized fnto three clusses on the basis of their
hydrelogie group and thiskness. Hydrelogic groups are used to estimate rain-
fall Tunoff, which is influenced by depih to a water table or impermeable bad-
rock, infilration rate, and dapth to layers of lew-permeahility soils (U.8. Soil
Conservation Service, 1976), Four hydrologic groups are defined: (A) low run-
off potential; (B) moderately low runoff potential; {C) moderately high runoff
potential; and (D) high rucoff potential, Depth of soil is the depth to a limit-
ing layer such as hedrock, fragipan, or gravel, Three groups of infil{ration-rate
potential were used in this report: (1) high infiltration-rate potential (hydro-
logic groups A end B), little or no soil cover, typically recent lava flows; (2)
moderate infiltration-rate potential (hydrologic groups B and ), thin seil
cover (ess than 40 in), typically alluvium and thin loess deposits; and (3) low
infiltration-rate potaniia} (hydrologic groups C and D), thick soil cover
{greater than 40 in.), typically lacustrine and thick loess deposits. The follow-
ing table liste textural, hydralogie, and thickness information for soil units in
the eastern Suake River Plain.

[—~, no data availshle]

Depth to
limiting
Bequence layer Hydrologic Infiltration-
No. Textural description (inches) group rate group
12 Loamy, skelatal 2040 B 2
13 Clayey >40 C,D 3
14 Loamy =60 D 3
16 Loamy, silty and loamy 2040 B, D 3
17 Silty, loess 2040 C, D 3
18 Bilty or loamy >6{) B, C 3
21 Sandy, silty 40-60 B 2
22 Loamy, rock outcrops 20-40 C 2
26 Silty, iosse 20-40 B,C 3
29 Loamy »40 C, D 3
30 Silty 20-40 B C 3
31 Bilty, loamy >40 B, C, D 3
32 Loamy 2040 B, D 2
33 Loamy — B 2
34 Loamy, sgkeletal 2040 B 2
a5 Skeletal, loamy 20-40 B 2
43 Silty >60 B, C a
47 Silty, loamy >80 B, C, D 3
48 Clayey, loamy, silty 40-60 B, C 3
62 Clayey, sandy, loamy >4( c 3
64 Skeletal and calcie, clayey <20 C,D 3
66 Sandy >60 A 2
67 Sandy, leamy >80 A B 2
69 Silty, loess >60 B 3
70 Loamy 40-60 B 2
72 Skeletal, Ioamy <20 B 2
77 Silty >40 C B 3
82 Sandy, loamy >60 A, D 2
81 Skeletal and stony >80 B 2
112 Loamy 20-40 D 3
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F102 REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAKEQ

ArpENDIE C.—S0ils—Continued

Depth to
limiting
Sequence layer Hydrologic Infiltration.

Nao, Textural description {inches) group rate group
118 Silty >60 D 3
136 Loamy 2040 B,C 2
180 Clayey 2040 O 3
191 Loanmy 2040 A B 2
189 Caleie 2010 B 2
200 Loamy, silty =60 B 3
201 Clayey and stony 40-80 C 3
204 Skeletal, clayey <20 b 3
207 Loarny, skeletal 20 B, C, D 3
a1b Loamy 2040 ¢, D 2
220 Sandy >60 A 2
221 Leary 40 B 2
221 Loamy 40-60 B C 8
229 Silty . >60 B 3
234 Skelatal 40 A 2
236 Loamy, skeletal >80 B 3
244 Silty >60 B 3
246 Sandy >60 AD 2
248 Loamy 40 B A
250 Loamy >80 B 3
261 Bitty or loamy >80 B, C 3
252 Silty >60 B 3
257 Loamy 40 B 2
259 Loamy 40 B 2
265 Silty =6 B, C 3
266 Silty =60 B,C 3
267 Lozmy 20 B,D 2
268 Losmy 40 B 2
271 Loamy 20-60 B, D 3
274 Canyon walls 3
275 Bare lava flows 1
276 Hillslopes, rocky 2-
277 Active sand dumes 2

2

278 Mountains, rocky
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